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NEPAL 


Brig.-General the Hon. C. G. Bruce, C.B., and Major 
W. Brook Northey, M.C. 


Read at the Meeting of the Soctety, 26 January 1925. 
PART I: GENERAL BRUCE 


HEN Major Northey and I undertook to give a lecture on Nepal 

we both had at the back of our minds the idea of bringing out 

the relationship of the present Gurkha Raj with the Imperial Government, 

and of showing more clearly the position, and possibilities, and some of 

the present difficulties with which our relations with that country are 

faced. But in order to do this it is necessary to give a very short sketch 

of the history of Nepal, and the rise of the present reigning Gurkha 

dynasties. With this question is very much wrapped up the geographical 
aspect. 

That part of the Himalaya between the Singalela ridge on the east 
and the Mahakali on the west is almost as little known as any part of 
Asia. Between these two boundaries lies the territory known as the 
Kingdom of Nepal—a name which has been given to it only as being the 
most convenient, and as representing the boundaries of the kingdom 
as fixed by Treaty. The name Nepal itself is, and has been for innumer- 
able centuries, confined to the valley of Nepal, or, as it is called in Nepal 
itself, ‘‘ The Country contained within the Four Passes’’: to the east, 
the Saga pass; to the south, the Phar Ping (through the Mahabarat 
Range) ; to the west, the Panch Mané ; and to the north, the Pati pass. 
Within these four passes lies the historic and true valley of Nepal, and 
these four passes separate Nepal from the outer world. 

For many centuries the valley and the lowland, especially to the east, 
were in the hands of what are now looked upon as among the original 
inhabitants of Nepal, the Newars—a race distinctly and clearly of 
Mongolian origin and speaking a language also Mongolian in origin. 
Their country has been a religious centre for untold generations. It 
is called, after a great Hindu Rishi, Ne Muni, Ne Pal—the beloved 
abode of Ne. It went through all stages from early Hinduism, and then 
was for many years the sanctuary of Buddhism, visited by the great 
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Saint Manjusri, who probably was Shri Manchu, the Illustrious Manchu. 
Latterly it has been the home of Hinduism and Buddhism flourishing 
side by side. To the Newars are due all the culture, the arts and crafts 
of Nepal, and under them a considerable civilization must have been 
developed in this curious hidden land. From far back beyond the historic 
period the country has had a succession of dynasties, almost more con- 
fusing than Asiatic dynasties usually are. It was from them that the 
present Gurkha rulers of Nepal in the eighteenth century conquered and 
annexed the heart of the country. 

Let me now roughly sketch the geography of the country. The 
region included under the term the Kingdom of Nepal is contained 
from east to west between the Singalela ridge, which divides it from 
Sikkim on the east, and the Mahakali, or Sarda, which divides it from 
Kumaon on the west—about 500 miles in a straight line. On the north 
its boundary is usually the main axis of the main Himalaya, but by no 
means altogether, as there is a certain amount of country, especially in 
central and westerly Nepal, beyond the first great snowy range. Its 
greatest breadth is from Mustang on the north to Makwanpur on the 
south, about 140 miles. In many parts it is a good deal less than that. 
Within these narrow confines one can pass from the wonderful tropical 
jungles of the Terai to the eternal snows. 

To describe the country, possibly more as it is understood in Nepal, 
we may say that from east to west Nepal is divided up into four regions. 
The first is the Kosi system of drainage, known as the Sapt Kosis—the 
seven Kosis—which drains the whole of the eastern Nepal Himalaya, 
not only carrying off the waters from the southern slopes, but also from 
the northern slopes, v7é the Arun and the Bhotia Kosis, etc. This system 
is composed of the seven great tributaries of the Kosi river : the Tamor, 
the Arun, the Dudh Kosi, the Thama Kosi, the Sun Kosi, and the Bhoti 
Kosi. To which may be added the Indra Vati and the Likhu Kosis. 

Then comes the valley of Nepal, included between the four passes 
as before stated, and principally drained by the sacred Bagh Mati. 

Leaving the valley of Nepal we meet another great drainage system 
known as the Sapt Gandakis, which drains the main central Himalayas ; 
from Gosain Than to beyond the Kali, and the great mountains of 
Dwalagiri and Mackhapuchri and Jhib Jhibia. The Sapt Gandakis 
consist of the Tirsuli, the Buria Gandak, the Marsiangdi, the Seti, the 
Chépé, the Madi, and the Kali (also known as the Krishna Gandaki), 
to which may be also added the Dharmadi. 

To the west again we find the drainage system of the Karnali, with 
its great affluents the Bheri, the Buri Ganga, and the Seti Ganga ; and 
then to the border, the Mahakali, which itself is an affluent of the Karnali. 
Many of these rivers, notably the Arun, the Bhote Kosi, the Kali, and the 
Karnali, rise beyond the main axis of the Himalaya. Doubtless as our 
knowledge advances we shall find many more breaks through it. 
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As a matter of fact these very bald geographical facts have a great 
bearing on the distribution of the population, and the valleys down which 
these different rivers flow have generally their own human characteristics. 
It may be said that the system of the Sapt Gandakis is the original home 
of the Gurkhas, and of the old military tribes of Nepal. 

The whole of this very wonderful mountain country may be described 
as unknown. Reports brought by our native surveyors, who have been 
allowed into Nepal or have travelled in that country ; the primitive maps 
of Nepal, of which there are a few ; information collated at the Residency 
in Nepal or at our recruiting offices; and measurements made by our 
Survey officers, either from outside Nepal or from the valley and its 
neighbourhood, really supply all we know of this interesting country, 
which contains in itself some of the most magnificent scenery on the face 
of the globe. The most glorious panorama—a view I have hardly seen 
surpassed—was that which spread out before me one February morning, 
after bad weather, as I stood on the Chandragiri pass and looked down 
into the Nepal valley. Opposite to me lay the entire range of the Nepal 
Central Himalaya, deep in fresh snow, and appearing on that gorgeous 
winter’s morning, in its sparkling white radiance, to be completely 
dominating the lower hill country which lay in the blue valleys immediately 
below me. 

Nepal itself, the historic heart of the whole country, the ancient centre 
of culture in a sea of mountains, is the one considerable piece of flat 
ground, or, I should more truthfully say, fa¢tish ground, to be found on 
the southern slopes of the Himalaya until the far greater western valley 
of Kashmir is reached, to which valley, however, it bears but little re- 
semblance, being far more accidented, and being only some 15 miles in 
length by 7 in breadth. It is very thickly populated, and contains several 
towns of great antiquity and of great architectural interest. 

In aspect these towns, their buildings, and surroundings are curiously 
un-Indian. The dominant impression one receives is Chinese, this being 
due to the Pagoda-like character of the architecture of all, or nearly all, 
the old temples and buildings. It is stated in Silvain Levi’s book on 
Nepal that the Chinese got the idea of the Pagoda from Nepal, but I 
cannot vouch for the correctness of this theory. 

Before I deal with the extraordinary mixture of peoples contained in 
this strip of the Himalaya, it will be necessary to trace briefly the estab- 
lishment of the present dominant race and the rise of the Gurkha dynasty. 
As I have already said, the only seat of culture in this district for many 
hundred years lay in the valley of Nepal. This valley and the neighbour- 
ing districts were ruled over by many and various dynasties, dating 
back into prehistoric times. Notwithstanding the authority of the book 
popularly called the “‘ Bangswali,’’ we may neglect for the present pur- 
pose all those previous to the Newar kings. 

It is clearly evident from buildings and roads that the Newars 
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influenced greatly, and probably entirely controlled, the low-lying hills 
as far as the Ilam to the east, and even Tansing to the west ; otherwise 
the whole mountain country was ruled by little hill chieftains, every valley 
being a law unto itself. 

But another influence made itself felt as well during the course of 
centuries. Dating from the first and continuing throughout the subse- 
quent Muhammadan invasions of India, there was a great movement of 
Brahmins and Rajputs from the plains into the mountains, far beyond 
the present Nepal Kingdom. ‘Thus was the mixed Khassia race formed ; 
that portion of it, now the Khas, or Kshettriya class, being a mixture of 
high-class and aristocratic Hindus from the south with Mongolian 
barbarians from Nepal. ‘The only difference between the Khas of Nepal 
and those hill tribes further west was, that although they had the same 
fathers they had different mothers. 

Tradition has it that in the fourteenth century, after the fall of Chitor, 
certain scions of the house of Chitor fled northwards, entering the 
mountain country at Batoli, where their prestige assured them a welcome. 
Two hundred years later we find their descendants in the kings of numer- 
ous little hill states. But what a change has come over the high-bred, 
intensely aristocratic features of the Rajput! Their faces have broadened 
and flattened. Can it be that the aristocratic Rajput type has demeaned 
itself by blending with the barbarian Mongolian? ‘That is undoubtedly 
what happened. 

The whole of the country drained by the Gandakis was thus divided 
up into little kingdoms known as the Chaubissia Raj (the twenty-four 
kingdoms). One of these is the little state of Gurkha. Its inhabitants, 
Gurkhalis, followers of the King of Gurkha, are themselves precisely 
the same as those of all the neighbouring kingdoms, that is, they consist 
of the priestly class; the Khas, or Kshettriya, the ruling class; the 
Mongolian military tribes; and a large number of inferior classes 
all of whom show Mongolian extraction. 

At this period, about 1740, nearly the whole of the inhabitants of the 
mountains had been obliged to accept the Hindu ceremonial laws, thus 
coming more and more under the domination of the ruling classes. 
The then King of Gurkha was Prithwi Narain Sah, a man of ambition 
and a soldier by instinct. He was strong enough in 1742 to invade the 
Nepal valley, and for over twenty years he continued his attempts to 
conquer the three Newar kingdoms of Katmandu, Patan, and Bhatgaon. 
By 1768 the whole of the Nepal valley and the lands previously ruled 
by the Newars were in his possession, but so serious was the opposition 
that he had encountered that the Newars were never forgiven, and 
though becoming subjects of the King of Gurkha, they have never been 
allowed the title of Gurkhali. 

I must explain what the title of Gurkhali means to a Nepali purist. 
It merely signifies a follower of the King of Gurkha, and is not a racial 
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term. So much so is this the case, that although the many neighbouring 
kingdoms, such as the Chaubissia Raj, and others which were rapidly 
incorporated with the Gurkha conquerors without fighting, received the 
title of Gurkhali, neither the Newars nor the many Mongolian classes 
to the east, who at the present time furnish us with many of our very 
best Gurkha soldiers, are allowed by the Gurkha purist the title of 
Gurkhali. There is, however, one striking exception. Those Newars, 
the traders of the country, who had for generations been living in the 
town and district of Gurkha, were, and still are, permitted to call them- 
selves Gurkhalis. 

Prithwi Narain and his army, having established themselves in Nepal, 
quietly annexed the states immediately right and left of the valley, his 
successors pushed further to the east and west, and after considerable 
fighting, engulfed the whole of what is now called Eastern Nepal, in- 
cluding the military tribes known as Kirantis, or Rais, and Limbus, as 
well as other tribes in the great valleys running down from the main 
chain. 

The Gurkhas were now full of ambition. They had, in fact, the lust 
of conquest, and besides that, were prodigiously swollen-headed. They 
acquired and incorporated into themselves the many hill states of the 
Sapt Gandakis, including the most powerful, the King of Palpa, who 
was in 1803 disposed of in true Oriental fashion, by poison, having been 
invited over to discuss the situation at Katmandu. 

They then pushed west, acquiring all the hill country of Humla, 
Jumla and Baghang and Doti, and finally, crossing the Mahakali, overran 
and acquired Kumaon, Garwhal, and Jaunsa Bawar, etc., pushing their 
outposts up and through the Kangra Valley as far as the present hill 
station of Bakloh. Even this sweeping conquest did not suffice, and an 
attempt was made to acquire also a dominating influence in Tibet, and 
especially to acquire the two main routes, vié the Kerong Pass at the 
head of the Tirsuli, and the Kuti Pass beyond Nilam, and high up on 
the Bhotia Kosi. They even extended their expeditions, though little 
better than raiding parties, through Tingri to Shekar, and as far as 
Shigatse. 

This brought upon them condign punishment from the Chinese, who 
rapidly collected a force superior in arms and numbers, and not only 
defeated the Gurkhas but followed them into their own country, to within 
two marches of Katmandu itself. The Gurkhas claim that 70,000 
Chinese drove them back, but it is extremely doubtful whether the 
Chinese army numbered even 20,000. Nepal, of course, in those days, 
neither in organization nor power, could compare in any way with what 
it is at the present time, and it is unlikely that the Gurkhas had even 
10,000 men to oppose the Chinese. At all events a treaty was entered 
into by the Chinese general, who effected his retreat before the winter 
snows. The most notable factor in the treaty was that the Nepalese 
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should send a Tribute every five years to Pekin ; this continued without 
a break until the establishment of a Republic in China a few years ago. 

After this escape from China the Gurkha mentality went from bad 
to worse. They still held their advanced posts to the west, but naturally 
their forces were very attenuated, and the Sikhs, who then held the 
Kangra Valley, very soon obliged them to pull in their horns. Their 
conduct, too, all along the British Frontier was so arrogant and so 
provocative, that in 1814 war was declared between the Gurkhas and the 
British Government. This war was remarkable for a great deal of 
hard fighting on the part of the rank and file, and the failure of many 
British generals, redeemed however by Jasper Nicholls and Ochterlony, 
Nicholls in Kumaon, and Ochterlony at Bichia Koh on the main road, 
threatening Nepal. The Treaty of Segowli was shortly afterwards 
signed, the confines of the Nepal frontiers fixed, and a British Resident 
established at Katmandu. By this treaty, also, the Nepalese allowed 
their subjects to be enlisted for service in the Indian Army, and, it is 
specially stated, to be officered by British officers. 

About this time another most important fact arose in Nepalese history. 
The descendants of Prithwi Narain had rapidly degenerated in character, 
and the power had been placed in the hands of regents, passing thence 
into the hands of prime ministers. Thus was established in Nepal, and 
still continues to this day, a system similar to that of the Roi Fainéant 
and the Maire du Palais of French history. It is not necessary to follow 
very closely the political history of Nepal from this time. It became 
chiefly a fight for power among the different clans and their leaders, who 
aimed at becoming prime minister. It is moreover a history of continual 
murders and treacheries—now, we may confidently hope, a thing of the 
past. At first the power was in the hands of the great Thapa faction, 
its most distinguished representative being the Prime Minister Bhima- 
Sena Thapa, who was finally murdered. 

In 1845 the great Jung Bahadur came on the scenes—the great 
outstanding figure in all later Nepal history. He was a very remarkable 
character ; he rose to power, first of all, by the murder of his maternal 
uncle, the then Prime Minister, Mat Bar Singh, following it up by 
taking a leading part in the great massacres at the Kot, where the Thapa 
faction was completely wiped out. From that time forth he was supreme, 
and his family furnish the hereditary prime ministers up to this day. 
Jung Bahadur must not, in spite of his lurid youth, be too severely 
judged. He proved himself later to be far superior to his surroundings. 
To him is largely due our friendship with the Nepal Government—so 
clearly demonstrated when Jung Bahadur headed a large contingent 
from Nepal to assist us during the Mutiny. He also, at about the same 
time, conducted a successful war against Tibet. But beyond that even 
he made himself felt in every department of government, enormously 
ameliorating the Criminal Codes of Nepal, and attempting in many 
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ways to advance his country. In fact, he is remembered in his country 
as much for his civil reforms as for his reputation as a soldier. He was 
also, during his whole life, a man of great daring, of _ bodily activity, 
and a fabulous hunter of big game. 

I will read, without comment, an appreciation of Jung Bahadur 
taken from his Biography : 

‘“* Looking back at the career and character of Jung Bahadur, the 
reader feels irresistibly tempted to compare him with one or other of the 
world’s greatest heroes, Caesar or Charlemagne, Cromwell or Frederick 
the Great, Napoleon or Wellington. 

‘“‘ But the attempt is soon found to result in dissatisfaction. The 
parallel is never complete. And the only character in all History towards 
whom the comparing mind, in its persistent efforts to find out a type or 
prototype, is bound to turn back to with equal persistence, as the only 
character fit to challenge comparison with Jung Bahadur, is Jung Bahadur 
himself. 

‘** And so the stately figure of Jung Bahadur stands out in bold relief 
among the deified spirits of the world, peerless, matchless, unique.” 

The modern history of Nepal doubtless dates from Jung Bahadur’s 
visit to England, before the Mutiny. 

He passed the succession on, not to his sons, however, but to his 
brother, and in fact, up to the present, that arrangement has more or 
less held good. After his death, in 1877, he was succeeded after a short 
interval by his nephew, Bir Shamsher, an even more enlightened ruler, 
who in his turn was succeeded by his brother, the present Maharajah, 
Chandra Shamsher, our very good friend and ally, and by far the most 
enlightened ruler Nepal has had.’ They were both the sons of Jung 
Bahadur’s younger brother, Dir Shamsher, who had seventeen sons 
himself, some of whom still survive. 

To pass on now to modern Nepal and its present conditions ; it is 
entirely a military state, and almost, but not quite, a complete Despotism. 
It is governed by the Maharaj Adhiraj, known as the ‘‘ Five Govern- | 
ments ’’—the head of the Reigning Family; and by the Maharajah, 
the hereditary Prime Minister, known as the ‘‘ Three Governments ’’— 
the head of the Ruling Family ; and by a theoretical Council of State.° 
The only other official, however, who may be said to have any real 
power, is the Raj Guru, the ‘‘ Archbishop of Canterbury,” so to say. 
The country is still isolated from India. That, up to the present, has 
been a settled policy. 

There is only one main road into the kingdom, and even in that there 
is a hiatus. This road runs from Raxaul in Bengal, through the great 
Terai jungles, to the foot of the Mahabharat range of mountains which 
divides the Nepal valley from the plains of India. Crossing them, it 
descends by two passes of about 7000 feet into the valley of Nepal. A 
motor road has now been made to the foot of the hills at Bhimphedi, 
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and I hear rumours of motor lorries being provided, and aerial rope 
ways are in course of construction. Having descended no less than 
2300 feet from the last pass, the Chandra Giri, by stone steps, a short 
motor drive brings one to the British Residency, the seat of the British 
Envoy. 

Other communications throughout Nepal are little better than mule 
tracks or riding paths, that is, beyond the valley of Nepal itself. 

This valley, as I have stated before, is the actual hub of the whole 
kingdom. It contains three towns of first-rate importance and of the 
greatest interest: the capital and seat of government, Katmandu, and 
the capitals of two previous Newar states, Patan and Bhatgaon. Both 
of the latter are remarkable for their temples and palaces, their brass 
work and carvings, but they do not show a progressive spirit in other 
ways. 

The whole life of the country centres in the capital, Katmandu. 
Here are the palaces of the reigning and ruling families and of their 
relations; here are situated all the great Government offices, mostly 
in the ancient palace of the Thapatali, while in the centre lies probably 
the most picturesque parade ground in the world, the Tunikhel, large 
enough to manceuvre 25,000 troops at a review. Here is also situated 
the Darera, a great minaret, and near it the very spirited equestrian 
statue of Jung Bahadur. 

The Police Department of the Government is entirely run on military 
lines. All the civil police and the judiciary have military titles ; 1 am 
sorry to say that the District Judges are, however, only given the title of 
Lieutenant. The Civil and Criminal Law has been coded, but it is almost 
entirely based upon ancient Hindu religious statutes, for the Gurkha 
Raj poses as being intensely ancient and orthodox in its Hindu outlook. 

The Gurkha, par excellence, is the ruling Khas, or, as he now prefers 
to be called, Kshettriya. When a Gurkha of high position refers to any 
custom, saying “‘ the Gurkhas do this or that,” he always and invariably 
refers to the ruling classes. 

I have in my possession a geography book lately published under 
the auspices of the Nepal Government. In dealing with the inhabitants 
of Nepal and their religions, it divides them into the Brahmin classes, 
the Kshettriya, some followers of the religions of Buddha, and Sudras— 
the Sudras being the lowest class in the Hindu hierarchy. That is to 
say, this geography book, issued under the authority of the Nepal Govern- 
ment, classes all the Mongolian military clans with not only the lower 
types of hillmen, but with all the menial classes as well. This doubtless 
is more or less a settled policy to tighten the ceremonial hold of the ruling 
class over the hillmen. 

But in order to make things clear I must classify the inhabitants of 
the present Nepal Kingdom. Contained within its borders is a great 
strip of the Plains analogous to our Bengal and United Provinces. the 
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people of which are of the Plains type, and doubtless supply a good 
revenue to the State. I am now, however, treating only of the hill 
populations. 

First there are the tribes included under the term Gurkhali ; Brahmins 
of two great classes, the great Kshettriya clans, providing all the nobility 
and ruling classes of the entire country—military classes par excellence. 

Then there are the pure Mongolian military clans, Gurungs and 
Magars from the Sapt Gundakis, Sunwars, Rais, and Limbus from the 
Sapt Kosis, with a heterogenous crowd of Mongolian clans and menial 
classes, still called Gurkhalis, many of whom make excellent soldiers. 

There are then the pure Tibetan clans, living on the southern side 
of the chain, from whom we drew our excellent Sherpa porters on the 
Mount Everest Expedition. Finally—for slavery is an established custom 
in Nepal—there are the very large class of hereditary slaves, known as 
Kamaras. Both the Prime Minister, Bir Shamsher, and his brother, 
Chandra Shamsher, the present Maharajah, have suggested methods 
for ameliorating this custom, and for its final abolition; but public 
opinion has been too strong, and such measures have had to be dropped. 
A new attempt is now being made at this very time with much greater 
prospect of success. 

Ordinarily speaking, we draw from the subjects of Nepal twenty 
battalions of Regular infantry, and numerous military and armed 
Police battalions, quartered in Assam, Bengal, and Burmah. Here I 
must draw attention to the effort of Nepal during the War, and the 
number of men supplied. I do not think I am underestimating if I place 
the inhabitants of all classes of the kingdom at 4} millions of people. 
From that 44 millions it would be very much overestimating to say that 
the military classes of all sorts numbered 2 millions; but the normal 
20 battalions were expanded to 38, and were kept up to strength, 56,000 
recruits being enlisted for regular units. The Police battalions were 
kept more or less up to strength, and besides that, the Government of 
Nepal provided a contingent of 12,000 Nepalese troops for service in 
India. 

I should like for a few moments to describe what manner of people 
these hillmen are. 

The upper classes, grouped around the Court, certainly live curious 
lives. There are a very large number of relations of the reigning and 
ruling families, and these have to be provided for. They occupy very 
nearly all of the higher civil and military appointments. It is a very 
curious thing, among a people whose lower orders are really devoted to 
field sports, how weak their sporting instincts, compared to members 
of the same classes in India, appear to be. They seem to devote them- 
selves almost entirely to the parade ground, and to have the same 
attachment to drill, as such, as is characteristic of the ordinary Gurkha 
soldier. 
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The other clans, or classes, from which soldiers of the rank-and-file 
are drawn are all peasants, cultivators of the soil, shepherds, etc. They 
all evince a great attachment for shooting and fishing—for ‘‘ the Chase,” 
in fact, although the accomplished shikari is as difficult to find among 
them as in other races. Owing to the complete lack of good roads away 
from the main routes, all transport is very scarce throughout the kingdom, 
agricultural produce, merchandise, and so forth, being carried on men’s 
backs. Even in the case of the well-to-do and the plump, if travelling 
on bad roads, this was also very often the only means of travel. They 
used to have to ride on the backs of slaves, who carried a little saddle 
and stirrups, on which the owner rode. 

One of the great characteristics of the country, and of village life in 
the mountains, is the weekly fairs, usually held at the junction of 
several valleys, where the hillmen barter their produce for other com- 
modities, and where usually a gentle revel is enjoyed. Indeed, singing 
and dancing are a great feature of the life of the people. There are many 
types of songs and dances, several of them having their special times 
and seasons, such as sowing and reaping time, and especially at the 
transplanting and dividing of the rice crop. There are also long semi- 
religious dances, taken from stories from the Ramayun, or from other 
Hindu classics, and numerous folk-songs, differing greatly according to 
the clans. They often, too, have singing competitions, singing back- 
wards and forwards against each other, exactly in the same manner as 
Welsh Pennillion singing. Some of them, such as the Limbus of the 
east, have to sing for their brides. They compete in song with the 
young woman they want to marry, and unless they can outsing her are i 
not supposed to win her. 

Many of their folk-songs, indeed, although very primitive, have quite 
interesting sentiments. A couplet, to be a good couplet, should have 
its first two lines in slight metaphorical relationship to the second part. 
Here are instances : 


“* In the heavens above are more than nine lakhs of stars. 
I cannot count them. 
Thus the words of my heart surge up into my mouth, 
But I cannot utter them.” 


‘“*OQ my elder brother, who is gathering crab apples, 
Don’t break the boughs ; 
But if you break the boughs they may grow again— 
Don’t break your love for me.” 


‘** The swallow builds his nest under the eaves of the house. 
My soul has arisen and arrives in heaven. 
My body is soaked up in the earth.” 


One may get half a dozen sentimental ones, but it is quite beyond the 
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Mongolian to remain sentimental for long, and the next verse may run 
like this : 


‘* After seventeen years of married life a son was born to me, 
But unfortunately he was eaten by the cat. 
I searched for him all over the house 
And finally found his head in the pantry.” . 


This is considered very funny. 


In conclusion, I must point out that the Rulers, taking their cue from 
the Raj Guru, exact from all military classes, and from all others too, for 
the matter of that, implicit obedience to Hindu ceremonial laws laid 
down for their observance by him. Any man travelling abroad has to 
carry out on his return the ceremony of Panipattia, for which he also 
pays a small fee. From the Nepal Government’s point of view this 
is a good arrangement, as it becomes a kind of ceremonial passport, a 
re-entry to the national life. 


PART II: MAJOR NORTHEY 


As General Bruce has already pointed out, the country of Nepal is 
closed to Europeans, and none but the British Envoy, the Legation 
surgeon, and one or two other persons, such as the British officer who 
is generally detailed annually to supervise the training of the Envoy’s 
escort, an occasional engineer in the employ of the Nepal Government, 
and their friends, are permitted to reside in the country, and even they 
are confined to the limits of the valley of Nepal. Hence it follows that the 
only inner parts of the country of which Europeans can claim any intimate 
knowledge are the Nepal valley and the main road leading to it from 
British India which has as its starting-point Raxaul, a small station 
on the Bengal and North-Western Railway, a picturesque but exceedingly 
arduous journey of some 70 odd miles from Katmandu. 

The Terai or lowlands of Nepal,. celebrated for its magnificent big- 
game shooting, is comparatively well known nowadays, as many 
Europeans—notably the planters on the northern frontier of the provinces 
of Champaran and Behar, whose estates in many cases adjoin Nepal— 
obtain passes to shoot or fish or are invited to join the shooting camps of 
the Envoy, who leaves the valley of Nepal for the cold weather, making 
his winter quarters at any convenient place near the frontier. 

It has been my good fortune, during my service in a Gurkha regiment, 
to be brought much into contact with the Nepal Government. Such 
appointments as British Officer supervising the training of the escort, 
a year’s service with the Nepalese Contingent, and finally four years as 
Recruiting Officer for Gurkhas (which entailed annual visits to Katmandu) 
atforded me facilities for acquiring a knowledge of the country not granted 
tomany. Asa result, the Prime Minister very kindly gave me permission 
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to make several short trips which gave me a glimpse of the unknown and 
mysterious country which lies off,the beaten track I have previously 
mentioned. Three of these trips I will attempt to describe: one into 
the Palpa Hills in Western Nepal; one to Devi Ghat and the town of 
Nayakot, due north of the valley of Nepal ; and lastly, for a few miles 
across the border into Eastern Nepal, over the Tonglu-Phalut boundary 
road in the Darjeeling district. 

The town and valley of Nayakot and Devi Ghat are not entirely 
unknown to Europeans, as occasional Residents or their surgeons have 
visited it, but their number must be exceedingly limited, and beyond a 
description—and that, too, none too accurate—by Doctor Oldfield in his 
book on Nepal, and another by Brian Hodgson in one of his many 
pamphlets, there is little if any modern information, and certainly no 
illustrations which have any bearing on the subject. 

On leaving the Residency, a march of some 10 miles, the first part 
through the ricefields that skirt the town of Katmandu on its northern 
side, the latter up a steep and winding mountain path, brings us to our 
resting-place for the night, the pleasant well-built rest-house of the 
Maharajah on the top of the Kakanni ridge, which forms with Manichur, 
Sheopuri, and Kaulia the northern boundary of the valley of Nepal. 
From here on a clear morning a magnificent view of the snow range is 
obtained, including Mount Everest, Dhaulagiri, and Gosainthan. In 
the foreground are numerous minor ranges, between which lie several 
large tertile and well-watered valleys, the most prominent being the 
Likhu, Tadi, and Nayakot valley. The Tadi and its tributary the 
Likhu can be clearly seen, as they thread their way through the fertile 
valleys that bear their names, and away to the south-west the red bricks 
of the buildings of Nayakot stand out clearly in the morning sun. From 
the rest-house the path falls steeply and in some parts precipitously, 
to the south-west. We descended rapidly for several miles through 
rough scrubby country, with occasional cultivated patches of Indian 
corn, and with villages nestling amongst groves of Nim and Pipal trees, 
until we reached the first large valley, seen clearly from the top of the 
ridge just to the left, the Likhu valley. Passing through fields upon 
fields of corn, and leaving on our right the Government gardens of Khin- 
chat, we gain the valley of Nayakot and cross the well-built suspension 
bridge over the Tadi. ‘Then after threading our way through ricefields 
we ascend through fine groves of Saul trees to our camping-place, the 
little Thunri Khel or parade ground of Nayakot. 

Nayakot consists of a single street, with two durbars and a temple 
to Bhairavi in the Chinese style of Katmandu. Once the favourite 
residence of the Regent Bahadur Shah, and also for a long time the 
station of Prithwi Narain’s court, the little town has lost all the glamour 
and importance of its bygone days, and is now but rarely visited by any 
member of the ruling house, except when used as a halting-place for a 
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journey into the western provinces. The valley of Nayakot, some 
2000 feet below the valley of Nepal, is intensely malarious from March 
to November. It is extremely fertile, and some seventeen different kinds 
of rice are grown in large quantities. Of fruits the chief is the mango, 
and next come the oranges, reputed to be second to none in the world. 
After these come the tamarind, jack-fruit, guava, custard-apple, and all 
the ordinary fruits of India. Forest trees not found in the valley of 
Nepal and peculiar to the district are the Saul, Pipal, Semal or cotton- 
tree, Neem, and pines; but generally speaking all the trees and fruit, 
as well as the superior Cerealia of North Behar and the Terai, can be 
found there. The lowlands, owing to the malarious climate, are but 
thinly peopled, the permanent dwellers therein being races of Nepalese 
that are not otherwise encountered, bearing such names as Dari, Kumha, 
and Kuswar. The higher grounds, such as the ridge on which the town 
stands, being above the malaria zone, are peopled by Nepalese of the 
ordinary castes, such as Newars, Khas Magars and Gurungs, Bhatias. 
The town is on a spur descending south-west from Mount Dhaibung or 
Jibjibia, about a mile above the Tadi river on the south and flanked on 
the west by the Tirsul or Tirsul Gandaki. This last is a deep blue 
beautiful stream, that conducts not only the pilgrim to the sacred lake 
of Gosainthan, a lake reputed to be not less than 15,000 feet above sea 
and lying immediately beneath the peak which bears its name, but also 
the trader and traveller to Tibet. Skirting the town on the west, it 
joins the Tadi at Devi Ghat. 

The scenery at Devi Ghat is of the wildest, most romantic kind, both 
rivers rushing over stony beds, bordered by stupendous rocks, and the 
waters of both being blue and perfectly transparent. Devi Ghat itself 
is a very holy spot under the protection of the goddess Bhairavi, whose 
temple stands in the town of Nayakot. Three miles up the Tersuli from 
Devi Ghat the river is spanned by a bridge, over which no European 
has ever crossed, on the high-road to Gorkha. 

From Devi Ghat the Tersuli flows south-east towards the plain, 
forming the eastern boundary of the province of Gurkha, and is joined 
in its course by several feeders from the western side of Nepal proper ; 
eventually, after joining at Deo Ghat the great Gandaki river, it flows 
nearly due south and quits the hills at Tribeni through a pass in the 
sandstone range to the west of the Someshwar ridge. I will ask you to 
imagine that we too have followed the course of the Tersuli from Devi 
Ghat to this intensely picturesque border village of Tribeni, for this will 
bring us closer to the scene of the little trip into the Palpa country. 

If the high-road to Katmandu is well known to Europeans as the main, 
if not the only, means of entry to this inaccessible country, it is unknown 
to many thousands of Gurkhas who leave their hill villages to seek service 
under the British Raj. For the bulk of the recruits for our Gurkha 
regiments—in fact, eight out of ten regiments—are recruited from 
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Western and Central Western Nepal, and for these the main road or 
track into British India is va Butwal and Nautunwa. In former days, 
when recruiters used to smuggle their recruits into British territory, a 
favourite "Jute was across the Cheryaghat range into Tribeni, but 
nowadays when recruiters by arrangement with the Government of 
Nepal bring their recruits through openly, fully 90 per cent. of the 
Gurkha recruits for the Gurkha regiments that come into the recruiting 
Centre at Gorakhpur pass through the Nepal town of Batoli, entering 
British India at Nautunwa and entraining at Bridgemangany on the 
Bengal and North-Western Railway. 

On two occasions I was able to visit the town of Batoli, and on the 
last occasion the Prime Minister kindly gave me permission to proceed 
to the Massiang ridge, some 10 miles into the Palpa hills due north of 
the town, a country in which no European had ever before set foot, save 
possibly Jesuit missionaries who are reputed to have journeyed in Western 
Nepal at the beginning of the seventeenth century. 

Leaving the train at Bridgemangany station, I travelled some 22 
miles over a flat and exceedingly uninteresting country on a rough 
unmetalled road till I reached Nautunwa, a large village on the frontier 
and formerly an outpost for the Gorakhpur recruiting depot. Nautunwa 
has little if anything to recommend it from a picturesque or interesting 
point of view, save, in the winter months of the year—like many other 
places on the northern frontier—a magnificent view of the snows. From 
Nautunwa ‘o Butwal or Batoli the track leads for some 15 miles over 
country which differs little if anything from the plains of North Behar, 
save for occasional large and rather solidly built residences of Nepalese 
officials to be seen here and there. After this, and for the remaining 
5 miles, the track—and it is so small and indistinct a path that neither 
coming nor going could I possibly have followed it by myself—leads 
through country that is less cultivated and becomes more akin to the 
ordinary scrub jungle and long grass of the typical Terai. Batoli itself 
is a large and important Nepalese town at the foot of the Palpa hills; 
the winter headquarters of the Governor of the province and winter 
station of the garrison of Tansing. Here I will interrupt the journey by 
a very brief reference to the system of government in Nepal. The whole 
country is, for the purpose of administration, divided into some forty 
districts or provinces, each of which being under the control of a Hakim, 
or governor. These governors are usually officers of military rank, 
and in the case of the larger provinces, such as Palpa and Ilam in the 
east, are often connections or relations of the ruling family. Though 
the power these officers possess is very large, the whole system of Govern- 
ment is very much centralized at Katmandu, and little if anything can 
be done even in the most outlying provinces without previous reference 
to the Prime Minister. Enormous progress in the shape of schools, 
medical and veterinary facilities, and so forth, have been made during 
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the tenure of office of the present Prime Minister, Sir Chandra Shamshere, 
who has worked untiringly in promoting the welfare of his subjects. 

To resume our journey. My camp was pitched on both occasions 
on pleasant open ground in the village of Kasauli, on the other side of 
the river Sindhu from Batoli, where the winter barracks of the garrison 
are, away from the bustle and noisy atmosphere of the town. The larger 
buildings of Batoli have the same distinctive Nepalese appearance 
noticed in other parts, and the Governor’s palace is a large handsome 
building surrounded by a pleasant garden; otherwise there is nothing 
very picturesque about the town save perhaps its site, nestling at the foot 
of thickly wooded hills. 

On commencing the ascent up the steep rocky bridle path that 
leads past the palace of the Governor to the hamlet of Nawakot, an entire 
change of scene, inhabitants, and surroundings is experienced. The 
sudden transition from the plains with their Aryan inhabitants to the 
rough mountain bye-ways and villages of an entirely different kind, 
with sturdy mountaineers of obvious Mongolian type, is very striking, 
and in crossing the spur of the hill on which Nawakot stands one bids 
farewell, as it were, to India, for thence on not a trace of it is discernible. 
Passing over the fine suspension bridge that spans the Dhoban river, the 
path leads through picturesque and wooded scenery to the customs out- 
post of Morek, then up for several miles along a small clear stream, the 
Siswa river, till by a steep ascent the goal, the Masyang ridge, some 
4500 feet above sea-level, is reached. From here, a magnificent view is 
obtained of the Palpa country, the home of many of the Magars, a tribe 
which forms so important a part of the Gurkhas enlisted in our Gurkha 
regiments. The hand camera I had with me was unfortunately quite 
insufficient to reproduce satisfactorily the panorama that was unfolded 
before me, a scene made more interesting by the fact that no European, 
certainly of modern time, had ever witnessed it before. The houses, 
chiefly of a red hue from the clay with which their walls were coloured, 
and surrounded by a patch of garden or field, looked comfortable and 
cheerful, and there was no sign of poverty or discontent amongst the 
local inhabitants. 

Before us lay the Palpa ridge, to the west of which the white roof of 
a Palpa temple was clearly visible ; while to the east, some 3 miles from 
where we stood, the town of Tansen could be seen with its parade ground, 
its few large buildings, its durbar, and its temple. On the further side 
of the Palpa ridge, unseen from where we stood, runs the river Kali, 
on the banks of which lie Riri to the west, the valley of Andikhola to the 
east, and numberless places known by name to officers in Gurkha regi- 
ments, but never visited. Beyond are tier upon tier of lofty mountains, 
flanked and crested with groves of black firs, terminating in snow- 
sprinkled rocky peaks. The intense pleasure I felt at this glimpse of 
unknown country was only equalled by a craving to proceed to the next 
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ridge, the Palpa ridge, which became almost intolerable ; but I retraced 
my footsteps with the satisfaction that I had seen much and that it was 
well to let it rest at that. 

Before leaving the Palpa country a few words should be said of the 
Nepalese army of Nepal, which is represented in this district by three 
regiments, stationed in Tansing in the summer and Butwal in the winter. 
The Nepalese army, numbering some 45,000 men, is composed of material 
which in point of view of physique is superior to that of our Gurkha 
regiments. Three contingents of Nepalese troops came down to India 
during the Great War, where they rendered valuable assistance both by 
internal defence and in active operations on the frontier. Their old- 
time picturesque blue cotton uniform with its distinctive head-dress 
has very largely given place to the more serviceable khaki, and though 
there is a tendency to revert again to the purely formal pre-war training, 
the army has, in common with many other departments, made great 
progress in instruction and efficiency in the last few years. 

To turn for a few minutes to Eastern Nepal: the traveller who has 
made the Tonglu—Phalut trip in the Darjeeling district along the Nepalese 
border, will doubtless often have looked down with curiosity and interest 
into the deep-forested valleys and distant villages lying in forbidden 
territory, and perhaps in many cases he will have felt an intense desire to 
penetrate into the unknown and mysterious country that lies outside his 
reach. 

It can be well imagined, therefore, with what delight I was granted a 
pass to travel in Nepalese territory some 7 miles from the border, staying 
the nights either at the Dak Bungalow on the Tonglu-Phalut road, or 
at any convenient village in Nepal. Though I had selected a time which 
in ordinary circumstances should have been propitious, even for a climate 
so variable as that of Darjeeling—namely, early May—with the exception 
of the first day, the elements fought against me with all their power, the 
thickest mists often accompanied by drenching rain preventing my seeing 
much more than a very few yards ahead. An escort of a Subadar, 
Jemadar, and five or six soldiers of the Nepalese army met me at Tonglu 
Bungalow, and under the most favourable auspices we descended the 
Myong valley to the village of Jamuna, the first village Sir Joseph Hooker 
visited on his memorable journey through Eastern Nepal. The scenery 
and vegetation are similar to those met with in the Darjeeling district, and 
the proximity to the frontier results in the type of houses, inhabitants, and 
general cultivation not differing greatly from what is seen on the British 
India side. Unfortunately, heavy mists set in the day after our arrival 
in Jamuna, and continued practically without a break for the next six 
days. As a result I was unable to take any photographs, and, despite 
the excellent arrangements made by the escort and their unfailing good 
humour, the trip from a sight-seeing point of view was a failure. 

A word in conclusion as to the extent to which militarism prevails 
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in Nepal. On the various occasions on which through the kindness of 
the Prime Minister I have made these few journeys off the beaten track, 
I have had great opportunities of observing the extraordinary power that 
is accorded the representatives of the army and the deference with which 
they are treated. The peaked cap of Lieutenant Ganesh Bahadue 
Regmi, my companion to Batoli, and the gold crest on the head-dress of 
Sub-Barbahadur Gurung were always the means of producing anything 
I wanted, access to everything and toeverybody. This implies a complete 
domination of the civil population by the army, but such is the queer 
military spirit which imbues all classes, that it is not particularly resented. 
A matter however that is causing the Maharajah the gravest concern at 
the present moment is the ever-growing desire of the Gurkha to emigrate 
and seek service in any country, as it were, but his own. This condition 
of affairs is very largely a result of the War, which has produced a feeling 
—a feeling which is by no means confined to Gurkhas—of restlessness 
and craving for new scenes and spheres, and which is further enhanced 
by one or two factors, one being the great demand from all parts of 
India, and even from countries as far afield as the Malay States, for 
Gurkhas to be employed as watchmen, overseers, and any positions where 
a sturdy frame and an honest mind are required. Another and not less 
important factor is the unauthorized recruitment, very often on a very 
large scale, of Nepalese for coal-mines, rubber planting, and work 
generally under conditions that can but be the reverse of beneficial to the 
hillman. Prompt measures are needed to prevent this emigration 
becoming a real menace to the future welfare and prosperity of the nation. 
When we reflect upon the hundreds of thousands of little hillmen who 
during the last hundred years have helped to fight the Empire’s battles, 
I think we must endeavour to assist Nepal to our utmost capacity. 
Before the papers the PRESIDENT said: To-night we are to have papers 
by General Bruce and Major Northey upon the country of Nepal. Nepal, 
owing to its being closed to the ordinary traveller, is a country which is very 
little known. It is, nevertheless, a country which is in close relations with 
the Indian Government, and a country whose ruler did yeoman service to this 
country during the trying days of the War. Indeed, the magnitude of that 
service, upon which possibly General Bruce will touch this evening, is very 
little realized in this country. General Bruce is certainly qualified to tell us 
of Nepal, for he is a close personal friend of His Highness the Maharajah, and 
has on more than one occasion visited the capital of the country. General 
Bruce will be admirably seconded by Major Northey, who for some years was 
recruiting officer for the Gurkha regiments, and was consequently brought 
by his duties into close touch with the authorities of Nepal. He has, indeed, 
been fortunate enough to have travelled over considerable parts of that country 
which have never been visited by any other European, and we may look forward, 
therefore, with feelings of the keenest interest to all that he will have to tell us 
of this unknown land. I now have much pleasure in calling upon General 
Bruce to give us his introductory description of the country, and Major Northey 


will then follow with a description of those parts of Nepal over which he has 
travelled. 
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Brig.-Gen. the Hon. C. G. Bruce and Major Northey then read the papers 
printed above, and a discussion followed. 


The PRESIDENT: I had hoped that Colonel Kenyon, a former representa- 
tive of Great Britain at Katmandu, might have been present this evening, in 
which case he no doubt would have been pleased to have added something 
to the discussion. Unfortunately he has not been able to come, and I have 
some doubt, therefore, whether there is any one who is competent to say any- 
thing on the subject of this very little-known country. General Woodyatt is 
present, and he might care to say something; he has a wide experience of 
military matters in India. 

General WOODYATT: I came here to-night to enjoy myself, and had done 
so to the full, until I now find I am required to talk about Nepal without any 
preliminary forethought at all. It is quite true, as Lord Ronaldshay said, 
that I have had a good deal of experience of Gurkhas. As we have heard a 
great deal of what the Nepalese did during the War, I might tell you something 
about them when they came over to India in the early part of 1915. Very soon 
after war was declared the Maharajah, the Ruler of Nepal, Sir Chandra Sham- 
sher, volunteered to raise about 50,000 men, and sent a proposal in regard to 
the matter to the Government of India. The latter did not quite know how to 
deal with so large a contingent, and it was eventually arranged that the 
Maharajah should send over a much smaller number so that it might be seen 
how they would assimilate with our troops, for it was difficult to decide whether 
the units should be put into our brigades, or form separate formations of their 
own. There came at first 4000 men, who were stationed at Dehra Dun, where 
I happened to be commanding a brigade. The men were not trained quite 
onourmethods. They were very good at ceremonial, but had had no experience 
whatever in what you might call barrack or camp life, in parading together, or 
in any kind of field manceuvres. It was rather difficult to arrange their 
discipline, and they had all sorts of strange rules and regulations to which we 
are not used. 

During the first months we had an outbreak of cholera, about which I was 
much concerned, because the Nepalese—and indeed Gurkhas in general—are 
particularly susceptible to this scourge. I therefore issued very stringent 
orders, particularly regarding a river my medical officers considered the 
probable source of infection, which no man was to approach. I went the next 
morning to see the Nepalese parading on their exercise ground which over- 
looked, in one corner, this very stream, and to my horror saw about a dozen 
men bathing there. Sending for the senior General, I asked if the necessary 
orders in conformity with my injunctions had been issued. He said he had 
done so, and I then asked why the men were there. He said, “‘ There are no 
men there.’”’ But when I took him to the corner and showed him the bathers, 
he was very upset and rode rapidly away. He came to my house about 
3 o'clock and said, ‘‘ I have had those men flogged.” ‘I did not think you 
would do that,” said I. ‘I only wanted you to make sure they would obey 
orders in future, and especially never bathe there again.” I gathered they had 
undergone a species of bastinado, and I am not sure he did not contemplate 
having them shot! That was their way of dealing with their men, and showed 
their keen desire to instil good discipline. I may mention that on learning of 
the outbreak of cholera the Nepalese Inspector-General came down from 
Simla immediately and encouraged and visited the patients himself. 

From Dehra Dun I was moved to a station called Abbottabad, where there 
were 6000 more Nepalese troops, commanded by a General Padma, a very 
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fine specimen indeed of the royal family. He is a son of the present 
Commander-in-Chief of Nepal, who is a brother of the Maharajah. I formed 
a strong friendship with this officer, almost as strong as with the Inspector- 
General of the Nepalese contingent, General Sir Baber Shamsher, the second 
son of the Ruler and a most able officer, from whom I often hear. General 
Padma and two or three other generals were accommodated in very poor 
quarters, for it was all we had to give them ; but to preserve their privacy and 
incur less heat they preferred these quarters to tents. All these officers, with 
occasional moves, owing to the exigencies of the service, remained in those 
quarters for considerably over two years, and I never heard one single word of 
complaint. 

There is one little incident in regard to General Padma which I thought 
showed a very gallant spirit. For some time he had been anxious that I should 
have a ceremonial parade, which was finally arranged. The troops were 
concentrated —about 6000 of them—on the Abbottabad parade ground some 
4 miles from their camp. No sooner had they finished the march past than we 
had a most terrific and torrential downpour of rain, which came on without 
any warning whatever. So heavy was it that in about two minutes we were 
drenched to the skin. My wife was at the saluting post in a car, and when I 
told General Padma that he should dismiss his troops to run into some adjacent 
barracks, and gallop home himself to change, he only smiled and said, “1 
must first pay my respects to Mrs. Woodyatt.”” Off he went at full gallop on 
the slippery turf to the car to say how-do-you-do to my wife, because he thought 
it was the right thing to do. _I said to myself, “‘ Blood will tell.’ 

The PRESIDENT: I should like to say that I am very glad of this oppor- 
tunity of bearing my witness to the loyalty and friendship of His Highness the 
present Maharajah of Nepal. I know little of the actual country, as I have 
travelled only over the small eastern corner of it to which Major Northey 
made some reference towards the close of his lecture. But I have the honour 
of being acquainted with His Highness, who came as the guest of the Govern- 
ment to Calcutta during my tenure of office and found life, presumably, so 
agreeable there that his projected visit of a few days prolonged itself into one 
of some four weeks. He was always a most courteous gentleman and a most 
thoughtful guest. I am delighted to have this opportunity not only to pay my 
tribute of admiration to him as a gallant ruler of a gallant people and a loyal 
ally of this country, but also as a courteous gentleman. 

Let me conclude by expressing to General Bruce and to Major Northey 
the gratitude of this audience for the admirable pictures which they have been 
able to give us of this little-known land. I am sure what they have been 
able to tell us to-night must have stirred in us the desire to know more, if possible, 
both of the land and of its people. It is with feelings of profound regret that 
I have learned from Major Northey, who is Jersona grata with the people of 
Nepal, that the serious wound which he received in the late war has disabled 
him from returning to his particular duties in connection with the Gurkha 
regiments, and that he will probably not have further opportunities of extending 
his studies in that particular field. I am sure you would wish to convey to 
him, as I do, our profound sympathy in what must be to him a matter of much 
disappointment. But we are grateful both to him and to General Bruce for 
the great pleasure which they have given ais this evening. 
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PHOTO-MECHANICAL PROCESSES OF MAP 
PRODUCTION 


Lieut.-Col. J. E. E, Craster, Ordnance Survey 


Read at the Afternoon Meeting of the Society, 16 February 1925. 
Zinc Printing. 


HE object of every photo-mechanical process is to produce a zinc 
printing plate, and before dealing with the processes it is advisable 
to say a few words about printing from zinc. 

Printing from zinc is rendered possible by two factors: the affinity 
of zinc for grease, and the mutual repulsion of grease and water. If a 
line is drawn with greasy ink on a dry zinc plate, the zinc holds so strongly 
to the grease that the line cannot be erased by any ordinary method ; 
nothing short of caustic potash will remove it. On the other hand, if 
the surface of a zinc plate is wetted, greasy ink will not adhere to it at 
all, because the water on the surface repels the grease. 

The preparation of a zinc printing plate consists of producing in 
greasy ink on the surface of the plate—either by drawing, or transfer, 
or by some mechanical process—a facsimile of the map to be printed. 
The printing from the plate involves three separate processes for each 
impression. First, the plate is damped; the greasy lines on the plate 
repel the moisture and remain dry ; the remainder of the plate is wet. 
Second, an inky roller is passed over the wet plate; the ink from the 
roller adheres to the dry greasy lines on the plate, but will not adhere to 
the damp surface of the plate. Third, a sheet of paper is pressed against 
the face of the plate, and an impression printed on the paper. 

In order that the plate may remain damp throughout the printing 
process the surface is grained. This is done by scouring it with sand. 
The minute scratches on the plate exert a capillary attraction for the water, 
and cause the plate to behave as if it was slightly spongy. 

Vandyke Process. 


The simplest mechanical method for producing a zinc printing plate 
is by the Vandyke process, in which a grained zinc plate is coated with a 
film sensitive to light. The sensitive film is composed of fish glue and 
ammonium bichromate. ‘This film is soluble in water until it is exposed 
to light. After exposure it becomes insoluble. 

The map to be reproduced is laid face downwards on the sensitized 
zinc plate. The light then penetrates right through the paper on which 
the map is drawn, except where its passage is prevented by the black 
lines of the map. The whole of the glue film is thereby rendered insoluble, 
except those portions which have been masked by the black lines. The 
paper may be either white drawing paper or tracing paper. 

After exposure, the plate is washed with water, and all the soluble 
glue is dissolved away, exposing the zinc surface. The insoluble glue is 
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not affected by the water. At this stage the map makes its first appear- 
ance on the plate as lines of metallic zinc, showing through cuts in the 
insoluble film. The plate is then covered with greasy ink. The ink 
adheres strongly to the metallic zinc where it is exposed. 

The next step is to get rid of the insoluble film of glue by washing 
the plate with a very dilute solution of sulphuric acid. The acid loosens 
and removes the glue film, but does not attack the greasy ink. Conse- 
quently, the plate emerges from the acid bath with a clean zinc surface 
upon which the detail of the map appears in greasy ink. 

The plate is then ready to go to the printer. It will be realized that 
the Vandyke process can only be used where it is intended to produce 
copies of a map on exactly the same scale as the original drawing. 

In making the Vandyke plate, the drawing is pressed very tightly 
against the zinc plate in order to prevent the light creeping between the 
drawing and the plate. But the plate and drawing are separated by the 
thickness of the sensitized film, and there is always a slight diffusion of 
light sideways through the film. This tends to reduce the thickness of 
the lines on the plate, as the light creeps in on them from both sides. 
As a result, very fine hair lines in a drawing often fail to appear at all on 
the Vandyke plate. They are nearly always weak and broken. 


Helio Process. 

When it is desired to reproduce a map on a scale that is not the same 
as the original drawing, a photographic camera must be used. This 
process is known as heliozincography, or, more shortly, as the helio process. 

The first essential is a suitable lens. The best lens that we have at 
Southampton is 8 inches in diameter, made by Zeiss. It has a focal 
length of 70 inches, and is free from any appreciable distortion. Its 
present value is about £3000. 

In photographing maps only wet plates are used. The wet plate 
is far superior to the dry plate for this purpose, because the image on a 
wet plate lies entirely on the surface of the film. Ona dry plate the image 
is dispersed through the whole thickness of the film. As a result of this, 
dry-plate negatives produce a print that is soft and woolly, compared 
with the hard clear outlines produced from wet-plate negatives. 

The map to be photographed is pinned up on a large copy board, 
and focussed on a ground-glass screen, on which are marked the corners 
of the map which is to be printed. The copy board and screen are moved 
backwards and forwards until the image of the drawing is in good focus, 
and fits exactly into the four corners marked on the ground glass. The 
wet plate is then substituted for the ground glass, and the exposure is 
made. The length of exposure is limited by the drying of the plate. 
If the plate becomes dry it is spoilt. The maximum exposure that can 
be given is about thirty minutes, and this only if the atmosphere is very 
moist. After exposure the plate is at once developed and fixed. The 
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resulting negative consists of a glass plate coated with a black, opaque, 
collodion film, in which the detail of the map appears as clear transparent 
lines. 

The next step is to prepare a zinc printing plate from the glass 
negative. This is done by sensitizing a grained zinc plate with a film 
of bichromated fish glue and albumen, and exposing it under the negative. 
Albumen is used to harden the film. The light passing through the clear 
lines on the negative renders the fish glue and albumen insoluble. The 
rest of the film being protected by the opaque film remains soluble. There 
is a small creep of light in the sensitive film, which tends to widen the 
lines of the map. 

After exposure, the zinc plate is inked up with greasy ink. It is then 
washed with water and gently rubbed with cotton-wool. All the soluble 
portion of the film is thus washed away. The insoluble portion remains, 
and the map therefore appears in the form of greasy lines on a clean 
zine plate. The plate is then ready for the printer. 


Drawing for Reproduction. 


The foregoing is a very short and condensed description of the Van- 
dyke and helio processes. It is necessary now to deal with the 
more important of the difficulties that arise. They may be classed 
under two headings : (1) those due to unsuitable drawing paper ; (2) those 
due to unsuitable drawing. 

Paper is very sensitive to changes of humidity in the atmosphere. 
If the air becomes damp the paper expands ; if it becomes dry the paper 
contracts. Different makes of paper expand and contract in different 
ways. Hand-made papers expand to approximately the same extent in 
every direction, so that a map drawn on hand-made paper is generally 
the correct shape, no matter how much it has expanded or contracted. 
Machine-made papers expand in one direction only, so that a map drawn > 
on machine-made paper is never the right shape, if expansion or con- 
traction has taken place. 

If the drawing of a map has expanded or contracted, the obvious way 
to bring it back to its original size is by drying or dampingit. This is 
sometimes feasible, but not always. A piece of paper which has remained 
damp for a considerable time takes a permanent set, and will not dry 
back to its original size. 

If the map is to be reproduced by the Vandyke process, all that can 
be done is to bring it back to its original size as far as possible by drying 
or damping. The residual error cannot be eliminated. If the map is 
to be reproduced by the helio process, and the drawing has expanded or 
contracted equally in all directions—as is usually the case with hand- 
made paper—the error can be rectified by the camera. But if the drawing 
is on machine-made paper, and has expanded or contracted, there is 
distortion, which cannot be eliminated. 
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From this it is clear that hand-made paper is to be preferred to machine- 
made. On the Ordnance Survey there is a rule that only hand-made 
paper shall be used for original drawings. Drawings on tracing paper, 
though suitable for reproduction by the Vandyke process, give a good 
deal of trouble when photographed for the helio process. This is due 
to the tracing paper not being pure white, and in consequence the film 
on the resulting negative is not a dense black. If the film is examined 
with a strong magnifying glass, it will be found riddled with minute 
pinholes, which are the photographic images of the tiny coloured particles 
of oil or resin which has been used to render the paper transparent. 
When the helio plate is being made, these pinholes in the negative en- 
courage the light to creep in the sensitive film on the zinc plate. The 
final result is coarse and woolly lines on the zinc plate, and on the im- 
pressions printed from it. 

The difficulties that arise from unsuitable drawing are of two kinds. 
The first is due to the use of ink which is not sufficiently black and opaque. 
If the ink is at all grey, the fine lines cannot be reproduced by either the 
Vandyke or helio process. It has been found on the Ordnance Survey 
that Indian ink can be rendered very opaque by mixing with it a little 
cadmium-orange. This has greatly reduced the trouble caused by grey 
lines. The second cause of trouble arises from lines being drawn too 
close to one another. When this is the case, the lines nearly always run 
together after a few impressions have been pulled from the zinc plate. 
A good rough rule is that lines should never be less than their own 
width apart. This rule of course applies to letters as well as lines. To 
avoid the closing up of letters a fairly light and very open face of type 
should be used. 

Reference has already been made to the tendency of hair lines to 
disappear in the course of reproduction, especially in the Vandyke pro- 
cess. To overcome this difficulty the Ordnance Survey has recently 
adopted a new style of type to be used on the 25-inch map, which is re- 
produced by the Vandyke process. This type is of the sans serif family, 
and contains no hair lines. It is hoped that the use of this type will 
greatly reduce the amount of touching up required on the zinc plates. 


Drawing for Reduction. 


When drawing for reproduction by the helio process, the final result 
can be greatly improved if the drawings are made on a larger scale than 
is required for the finished map. On the Ordnance Survey maps are 
generally drawn to twice the scale required, and the necessary reduction 
is made by the use of the camera. The advantage gained by reduction 
is due to the fact that the intensity of illumination of the photographic 
plate increases with the amount of reduction. The more intense the 
illumination the denser the film on the negative, and the sharper the 
lines. For a reduction of 2 to 1 the illumination is 1°6 times as intense 
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as the illumination when photographing to the same scale. To get a 
constant density of film the length of exposure must vary inversely as 
the illumination, so a negative made to the same scale must be exposed 
1°6 times as long as one reduced to half scale. The trouble with these 
long exposures is that the fine lines on the negative gradually close up. 
In fact, if the exposure is very long the fine lines in the centre of the 
negative, where the illumination is strongest, will be entirely lost before 
the film at the corners has become sufficiently dense. 

The conditions required to produce the best results in the helio process 
are: (1) very black lines drawn on very white paper; (2) a reduction 
of at least 2 to 1; (3) as brilliant a light as possible (good daylight is 
much better than any artificial light). 


Photo Etching. 


In addition to the Vandyke and Helio processes there is a third photo- 
mechanical process called Photo etching. In this process a negative 
is made of the map in just the same way as in the helio process. From 
the negative a positive is made, on which the lines of the map appear in 
black on a transparent ground. A thin copper plate is then sensitized 
with a film of bichromated fish glue, and exposed under the positive. 
After washing, the lines of the map appear as metallic copper in a film 
of insoluble fish glue. 

The next process is to bake the plate in an oven. This turns the fish 
glue into a sort of enamel. After baking the plate is etched with per- 
chloride of iron, which eats away the metallic copper where it is exposed, 
but does not touch it where it is protected by the enamel. The result 
is a copper printing plate on which the lines of the map are cut in. The 
enamel is removed with caustic potash. 

In practice, the etching process cannot be carried very far as the lines 
tend to widen as well as deepen. Consequently the etching has to be 
stopped before the lines are deep enough to hold sufficient ink for printing. 
The deepening of the lines has to be done by hand. It is a long job, and 
must be carried out by a skilled engraver. For this reason the photo- 
etching process, though it is classed as a mechanical process, has very 
little right to the title. When the copper plate is ready, a transfer is 
printed from it, and laid down on a zinc plate, which is used for printing 
the copies of the map. 

The photo-etching process was used for a time on the Ordnance 
Survey, but has been abandoned. ‘The objections to it are : (1) it involves 
the use of transfers. This introduces distortion because the transfer 
paper, wher laid down on the zinc, is never the exact size and shape of 
the map on the copper plate. (2) It is a long and expensive process, as 
it involves a large amount of work by a skilled engraver. 
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Revision. 


In selecting a process for map reproduction, attention must always 
be paid to the question of revision. Maps of countries in which develop- 
ments are taking place very soon become out of date, and it is then 
necessary to revise them and to publish new editions. For the purpose 
of revision, the helio process offers very great advantages over any other, 
since revision can be carried out on the existing negative. Any detail 
which is obsolete is simply painted over with lamp black on the negative. 
New detail is cut on the negative film with a fine steel needle. When 
the corrections are complete on the negative, a new zinc printing plate 
is made from it in the usual way. This method of revising on the 
negatives has been adopted for all small-scale maps of the Ordnance 
Survey. 

The helio process has a further advantage in that the negative is the 
most permanent and accurate record of a map. It does not deteriorate 
when kept in store, and it is always true to shape and scale, and as a record 
it is therefore far superior to the original manuscript drawing, which often 
becomes warped and discoloured with age. When a negative is in exist- 
ence a printing plate can be made from it in less than an hour. It is a 
great comfort to a zinc printer to know that he can get a new printing 
plate whenever he wants one, and at a short notice 


Colour Plates. 


For coloured maps a separate printing plate must be prepared for 
each colour. The difficulty is to ensure accurate registration between 
the various plates. If the registration is not accurate the blue rivers 
will not run under the black bridges, and the red contours will wander 
into the blue rivers, and many other atrocities will occur. 

The best way to ensure registration is to make a complete drawing 
of the map, including rivers and contours, in black. This drawing is 
then photographed three times without touching either copyboard 
or camera. The three resulting negatives are then identical. On 
the first negative the water and contours are duffed out. From 
this negative the black detail plate is prepared. On the second 
negative everything is duffed out except the water. From this negative 
the blue water plate is prepared. On the third negative everything is 
duffed out except the contours. From this negative the red contour 
plate is prepared. These three printing plates will be in perfect 
register with each other. 

In practice it is found that the. duffing out of so much detail from 
three negatives is too expensive. We therefore adopt the second 
best method. We draw the black outline on one sheet of paper, and 
the water and contours on a second sheet. The black detail is photo- 
graphed first, and then without moving the copyboard or camera we 
pin up the contour and water drawing over the detail drawing, taking 
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care that the corners of the two drawings correspond exactly. Two 
negatives are made from the contour and water drawing. From one 
the contours are duffed out, and from the other the water. These two 
negatives give us our water and contour plates respectively. 


Offset Printing. 


In an offset printing machine a rubber-coated cylinder is interposed 
between the zinc plate and the paper. An impression from the zinc 
plate is printed on the rubber cylinder, and then transferred from the 
rubber cylinder to the paper. 

This method has many advantages. It makes the zinc plates last 
much longer, because the rubber wears the surface of the plate much 
less than the paper. It gives a fine and more uniformly inked impres- 
sion. ‘The output per hour of the rotary offset machine is about double 
that of a flat-bed machine. 

It should be noted that a zinc plate prepared for a flat-bed machine 
must be a negative plate. That is, the writing on it must read from 
right to left, the east margin must lie to the left, and the west to the 
right, etc. But for the offset machine the zinc plate must be a positive 
plate, so as to give a negative impression on the rubber, and a positive 
impression on the paper. 

Now the Vandyke process can only give us negative plates, so we 
must always print these plates in a flat-bed machine, unless we are 
prepared to go to the expense of reversing the plates in a reversing 
press. This is hardly ever justified. 

In the helio process, if we wish to produce a negative plate for the 
flat-bed machine, we must photograph the drawing with a prism fixed 
in front of the lens, so that the photographic negative is actually a 
positive image of the map. This will give us a negative image on the 
zinc printing plate. For offset printing we remove the prism from the 
front of the lens, and the photographic negative is then a real negative, 
and the zinc plate made from it is consequently a positive image of 
the map. 


Before the paper the PRESIDENT said: The paper this afternoon is on the 
subject of ‘‘ Photo- Mechanical Processes of Map Reproduction,”’ and it will be 
given by Colonel Craster, who is eminently qualified to discourse to us upon 
the matter. He has for some years, I know, been the printing officer at the 
Ordnance Survey, and for a good many more years has taken a keen interest 
in this particular branch of science. He will explain to us the processes which 
are employed for the reproduction of maps, and we shall listen with much 
interest to what he has to tell us. 


Lieut.-Col. Craster then read the paper printed above, and a discussion 
followed. 


Col. E. M. JACK (Director-General, Ordnance Survey): I should like to 
pay a tribute to the work that Col. Craster has done in charge of the printing 
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department at Southampton. He has approached the subject from a more 
scientific point of view than many who have been in charge of that department, 
with excellent results. 

There are just two points I should like to mention. You saw specimens of 
a map reproduced by the Vandyke and by the helio process, from which it 
might be thought that the latter gives coarser results. This it does only when 
the reproduction is on the same scale. The helio process is intended for 
reproduction of a reduced scale, and that is what should always be done. Our 
usual practice is to reduce the scale by one-half, and thus to get finer results. 

The other point is with regard to the adoption of photo-mechanical processes. 
The Ordnance Survey, as you probably all know, has been well known for 
many years on account of its engraved maps, most beautiful of their kind. 
But we have now definitely abandoned engraving in favour of photo-mechanical 
processes. This change was practically forced upon us by modern require- 
ments, since inour opinion engraving is not suitable as a basis for coloured maps, 
bearing in mind the kind of map that it is wished to produce. It may be 
suitable for certain kinds, but when you take into account, as every printer 
has to, the particular kind of map you are printing, the particular kind of 
register that you want, the number of colours used, and so on, it is not in 
certain cases, particularly in Ordnance Survey maps, so suitable as a basis for 
coloured maps as the helio process. Apart from that, the helio process has 
certain decided advantages, which Col. Craster has pointed out. 

Fears have been expressed by those who know the beautiful old engraved 
maps of the Ordnance Survey that the quality of Ordnance Survey maps will 
deteriorate in consequence of the decision to abandon engraved maps. The 
answer to that will be found, I think, in the two maps displayed in this room, 
which are recent productions. The originals for those maps were drawn on 
twice the scale ; they have been reproduced by the helio process and engraving 
has not come into them at all. I hope you will agree with me, and I believe 
you will, that there has been no falling off in the quality of our reproduction ; 
that those are beautiful productions as maps; and that they keep up the standard 
of the Ordnance Survey, of which we are all, I hope, proud as a national asset. 

Col. H. S. L. WINTERBOTHAM: There are one or two points which seemed 
to me of particular interest in this paper. First of all, Col. Craster, in comparing 
the Vandyke and the helio processes, showed that, in both, one of the principal 
difficulties is the creeping or diffusion sideways of the light between the sensitized 
zinc plate and the glass or paper. I do not think that the diagram which he 
showed is particularly expressive of what happens. Paper, of course, fits 
more or less closely upon the sensitized film, and because it does so I think 
there is much less diffusion of light in the Vandyke process than in the helio 
process. In the latter the glass itself comes down upon the zinc plate, and 
thus there are two hard surfaces between which it is impossible to get a perfect 
fit. Again, in the diagram you saw two parallel rays of light, but you do not 
get this parallelism in practice. It is only, I think, in the Survey of India 
that a parallel beam of light is employed. 

The principal reason for the diffusion of light is that it is coming at all 
angles and directions, and there is naturally diffusion. The question as to 
whether you ought, therefore, to confine yourself to a parallel ray of light wants, 
I think, a little consideration. Again, it is quite plain from the diagram that 
the diffusion of light is a function of the depth of the sensitized film. I am not 
at all satisfied that fish-glue is a necessary ingredient of this film, but perhaps 
Mr. Crawford may speak a word on that point later with more technical know- 
ledge than I possess. 
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After discussing the Vandyke and the helio processes Col. Craster referred 
to the necessity for certain measures in preparing the fair drawing. He 
pointed out that there should be a reduction of about 2 to 1 to get a perfect 
helio result. He showed us that this reduction was made necessary by troubles 
which are partly photographic and partly due to the diffusion of light. That 
is to say, the reasons for the coarsening of lines lie partly in the camera itself 
and partly in passing the work from the negative to the zinc. How much of 
the trouble shall we assess to the camera, and how much to the helio? If we 
say a quarter to the camera and three-quarters to the helio, I think we shall be 
more or less right. The helio process is very admirable, and indeed one must 
use it nowadays, but it will not be perfect until by research we arrive at the stage 
at which we can eliminate the percentage of coarsening due directly to the pro- 
cess and are able therefore to confine reduction to 1}to1. It has not been 
mentioned, with regard to drawing, that the cost and time of drawing are not 
proportional to the area of ground in question so much as tothe area of paper. 
Supposing that he is drawing at 2 inches to the mile, a draughtsman will take 
nearly as long completing a square inch as when he is drawing at I inch to the 
mile. So that the costs of drawing are nearly doubled, and obviously the 
process cannot be considered absolutely satisfactory until these troubles have 
been eliminated, and one may draw for a very small reduction. 

With regard to photo-etching, the worst trouble, as Col. Craster rightly 
pointed out, lies in the fact of the personal work which has to be done by an 
engraver after the photographic process is finished, but his intervention is 
only necessary because of the style of ink with which we print. The etching 
itself is shallow for the reasons Col. Craster has given, and then the engraver 
has to cut deep in order to give a key to that sort of ink with which we are 
accustomed to print. Photogravure does not use the same style of ink, and we 
know that there are machines on the market in which the “ doctor ” or knife 
used for photogravure is employed on a flat bed almost as successfully as it 
is more normally used upon curved or cylindrical copper plates. Photogravure 
ink is very liquid and very thin. It is made with a spirit foundation—I think 
ordinary naphtha—and it will not ‘‘ key ”’ in large areas. In the photogravure 
process it is held in position by a sort of screen which gives the so-called “‘ cell 
walls,” or little compartments. To make photo-etching independent of the 
engraver we have, then, only to evolve some sort of method of getting these 
cell walls on to the plate. Perhaps Mr. Crawford might know something 
about the possibilities of doing so. 

Finally, although we possess a very good process in helio-zincography, 
we have got to keep our eyes open to the possibilities of photogravure. We 
have been told this evening of the speed with which a rotary off-set machine 
can print. But in the photogravure process you can multiply that speed by 
ten, if you like. The present and the obvious troubles of photogravure for 
map printing, of course, are those of register. The paper is hustled on and 
off the plate at a prodigious speed, and in the first instance the work is put 
down on the copper through a paper medium which is subject to considerable 
distortion. However, I have very little doubt that a method will soon be found 
which will eliminate these troubles. 

The PRESIDENT: Mr. Crawford, Superintendent of Map Printing at the 
War Office, is here, and I think it would be interesting if he would give us his 
experience of photo etching and also his opinion as to the value of photogravure 
for the purposes of map reproduction. 

Mr. JAMES CRAWFORD (Superintendent, Map Printing Department, War 
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Office) : I approach these processes more from the practical than the theoretical 
point of view. The lecturer has given us a lucid explanation of them, and to 
the lay mind it probably appears quite simple and easy. As he says, if it were 
so our staff would be considerably reduced. But I can assure you that is not 
so. There are many pitfalls that are not referred to in text-books even. It 
all sounds very simple, but when one comes to practise the process then one is 
up against all the difficulties. I will touch on only a few. One of the chief 
points I have discovered in practice is that in coating zinc plates there are 
many factors to be considered; so many operations in the process depend 
the one upon the other. If you have a coarse-grained plate—and grain is 
indispensable—the solution that you coat it with must be of such a consistency 
that it will give a uniform film over the whole plate ; that is to say, fill up all 
the grain in the plate. If the film is too thin in albumen, then the points of the 
grain protrude through the film, with the result that when the plate is inked 
up after exposure all those minute points of the grain are covered with ink, 
which it is practically impossible to remove, so that when the plate is rolled up 
it becomes a fine scum and the work is destroyed. Another point to consider 
is the thickness of the bichromate albumen film in relation to the exposure ; 
this must be of such duration that the light action penetrates through the 
sensitive coating to the bottom of the grain to ensure that it thoroughly adheres 
to the metal. On the other hand, if the film is thick a longer exposure is neces- 
sary to allow the light to penetrate through the film to the plate, and in conse- 
quence of this prolonged exposure the light rays become diffracted, as was 
shown by the diagram on the screen, and the lines on the plate become broader 
than are actually on the negative. 

Col. Craster referred to the film on the plate as consisting of fish-glue and 
a little albumen. I do not think that fish-glue in the formula is the best for 
fine work ; in practice it tends to give a fuller line than does albumen, and often 
the plate will not wear as well. From my own observation I find that most 
operators have a pet formula from which they think they can get the best 
results, and probably do get excellent results because experience has taught 
them to adapt their methods of working to suit the formula. There seems to 
be no set standard formula which all could follow ; local conditions of working 
bring the personal element into account, and where one man under given con- 
ditions will succeed, another may fail. 

In compounding the sensitive solution there is another important matter 
to consider. When the plate is coated it is put into a whirler which is rotated 
at a given speed to give an even coating over the whole surface of the plate. 
If the rotation is too rapid the solution is thrown off and the film becomes thin, 
the points of the grained plate protrude through the film, and give a bad plate. 
On the other hand, if the rotation is slow the film will be too thick ; it is there- 
fore necessary to be sure that the rotation of the whirler is driven at a speed to 
suit whatever consistency the sensitive solution is made up to. If all the points 
I have referred to are carried out and the correct exposure made through a 
good negative, then the resulting plate should be absolutely perfect. 

Mr. PHILIP (Messrs. Geo. Philip & Son, Ltd.): I should like to associate 
myself in the appreciation of the interesting address which we have had. As 
a private publisher it rather makes one’s mouth water to hear of a lens costing 
£3000. But such things are not altogether for the more modest private 
geographical institutions of this country. I should also like to express a word 
of regret at the passing of the art of copper engraving for map purposes. I 
agree that no mechanical or mainly mechanical process can equal some of the 


PHOTO-MECHANICAL PROCESSES OF MAP PRODUCTION 311 


finest examples of engraved map-making done in past days by the Ordnance 
Survey and even by private firms. There is one practical question I wish to 
ask Col. Craster, and that is in regard to the medium which he uses—zinc. 
We have tried zinc for printing, and although we use the same helio process 
and the Vandyke process as are used on a much larger scale in the Ordnance 
Survey, we find that for many reasons aluminium is a better medium for ‘ 
printing. For one thing, the tendency to scum which was referred to by Mr. 
Crawford is, according to our experience, almost eliminated. Again, we find 
that the tendency of the work to thicken up by the helio process is rather re- 
versed in the course of printing, and that the work tends to fine out actually 
when it is running through the machine and the work is being printed from the 
aluminium plate. 

Nothing was said with regard to the question of distortion after the helio 
process was over. It would be interesting, though it is beyond the limits of 
the address, to know whether the Ordnance Survey adopts any special measures 
for trying to preserve the shape and scale of the maps after they are actually 
printed. Using as we do transfers from copper plates, we find that we have 
little difficulty in preserving a uniform humidity in the printing room by the 
use of hygrometers and other means, and so getting down transfers to their 
exact size on to the plate and their colour stones or plates in perfect register. 
But the paper tends, of course, after it is once printed, either to expand or to 
contract according to the humidity and temperature of the place where the 
printed map is ; and as private publishers we find, when a number of Ordnance 
sheets have to be joined up by mounting, a very great mechanical difficulty 
in fitting the individual sheets together ; and indeed, owing to the variability 
in stretching, a certain amount of “‘ faking ”’ is often necessary, which for the 
purposes of land survey work must be very serious. That is a question to which 
it would be very interesting to have an answer. 

Mr. HINKS: I had intended to ask Col. Craster whether any attempt 
had been made at Southampton to try the Roussilhe method of rectification 
when distortion occurred. I know, of course, that the distortion in an air 
photograph, for which that particular method was invented, is not altogether 
the same kind of distortion as one gets in drawings due to changes of moisture. 
But the Roussilhe method, introduced a rather novel optical principle, due to 
an Austrian, Capt. Scheimpflug. I do not think until then we knew that it was 
possible by suitable geometrical arrangements to focus a drawing perfectly 
upon a screen not parallel to the drawing. Certainly I had not known that 
taught at Cambridge in geometrical optics ; it is quite a new and interesting 
theorem, and may be of some use in photographing distorted drawings. 

We have not heard from Col. Craster how many pulls can be got from a 
zinc plate. I have always understood from the lithographers for the Geo- 
graphical Fournal that they use stone because we have such large editions 
to be printed. They say they cannot possibly print more than a couple of 
thousand from a zinc plate and get good results. I do not know whether that 
is true. It is one of the things I should like, as Editor of the ¥ourna/, to find 
out. 

Then there is the question of artificial versus natural illumination in photo- 
graphing. Col. Craster has not mentioned the fact that, owing to the necessarily 
increased obliquity at which the light passes to a corner of a plate through a 
lens, there is serious falling off in the illumination in the corners of the plate, 
which so long as the plate is illuminated uniformly by natural light cannot be 
got over. It does seem to me that that is a possible argument in favour of 
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using artificial light, with which you could clearly get more intense artificial 
light at the corners, and you might be able to balance that falling off due to the 
lens. 

When Col. Jack said that the printing from these plates was as good as the 
printing from the engraved plates, I suppose he meant as good as printing 
from transf rs from the engraved plate. 

Col. JACK: Yes; nothing could come up to the original engraved plate. 

Mr. HINKS: That is quite a different thing. Then we are told that the 
best way to preserve the map is in the form of the glass negative. I was 
interested to speculate on the merits of making the thing that you consider 
permanent of such a fragile material as glass, and would like to know if negatives 
are ever broken. Finally, there is one point with regard to type. Col. Craster 
showed a style of type which has been adopted for the 25-inch maps because 
it can be reproduced without losing any of its fine characteristics, and it was 
called ‘‘ lining Grotesque.” Printers have a curious jargon in the choice of 
names for their type, but I had not previously realized why they call a type 
‘* Grotesque ’’ which is of the plainest possible kind. It must be because it 
is so ugly. The hair lines are particularly fine in the modern-style type which 
the Ordnance Survey have always used in stamping the names, and I would 
like to ask whether it is not possible rather than to abolish the sev7f altogether, 
which adds so much to the character of the type, to use one of the better and 
heavier old-style types, perhaps Plantin, which I believe would have serifs 
that are not so fine as to disappear but yet would be infinitely more beautiful 
than the Grotesque which has, unfortunately, been adopted at the moment for 
25-inch maps. 

Col. J. E. E. CRASTER: I have nothing to add to what Col. Winterbotham 
has said, and as Col. Jack’s subordinate it would be out of place for me to edit 
his remarks. Mr. Crawford has gone into some detail with regard to the pro- 
cess, and I have nothing, therefore, to add to what he has said. Of course we 
try to coat the plate completely with our film and try to get the film as thin as 
we Can. 

With regard to the use of albumen only, that was tried a good many years 
ago by the Ordnance Survey, and, as far as 1 remember the records, we had 
great difficulty in getting it off the plate once we got it on. It gave too much 
trouble, so we adopted a mixture of fish-glue and albumen instead of pure 
albumen. However, I am quite prepared to try albumen again and see what 
we can get. 

With regard to the question of vibration: I think we are extraordinarily 
lucky at Southampton. We get no vibration. The building stands a long 
distance away from any heavy traffic, and I think that we have no machinery 
running anywhere near. I think our success in eliminating vibration is due to 
the fact that the vibration is not there. In the Ordnance Survey office in 
Dublin, before we handed it over we had great trouble at one time on account 
of vibration. There was a gas engine running a long distance away, and we 
traced vibration to it. We got rid of it by isolating the concrete floor on which 
the camera and copyboard stood. We cut right through the concrete floor 
down into the boulder clay below and filled in the space with sawdust, and that 
entirely eliminated the vibration. If you can find out where vibration comes 
from and carry out an insulation of that sort, you can probably eliminate it ; 
but still there is that trouble. Undoubtedly, it would be extraordinarily hard 
to use a big camera in London. 

With regard to Mr. Philip’s question as to zinc versus aluminium plates. 
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Wetried aluminium plates, and in our opinion they did not produce finer work 
than zinc, besides which they had these two disadvantages: the grain did not 
stand so long; the plate was inclined to take a polish in the machine. That 
was our experience. We may have been unlucky. Another thing we disliked 
about them was that they were springy, whilst a zinc plate is soft and has rather 
the qualities of a sheet of lead. If it gets bent it is possible to bend it back 
again to the flat shape, whereas if an aluminium plate gets bent it is impossible 
to straighten it out. That was one of our chief objections to it. I know that 
many people like the aluminium plate best, but our experience does not favour it. 

Mr. Philip also asked a question with regard to the distortion of maps 
after printing. During the war we had to buy any paper we could get, with 
the result that we got papers some of which expanded in the length and others 
in the width of the sheet ; and if you try to mount a map which expands in 
the length alongside another map which expands in the breadth you have 
appalling trouble. The only way is to ask us to print you another copy of one 
or the other on the same paper as the first, so that you get two sheets of paper 
which are the same, and thus when they are wetted they both expand in the 
same direction. 

With regard to Mr. Hinks’ question in connection with the Roussilhe 
method. The apparatus, I imagine, will be very costly, because it has to deal 
with photographs which are at present dealt with by an 8-inch lens, so that I 
believe it will be necessary to have another lens of the same size, though it may 
be possible to use the same lens. 

Mr. HINKS: I believe it is only a matter of altering the carriages. 

Col. CRASTER : I must admit, however, that we have not fairly considered 
that question, so that I cannot give any satisfactory answer on that point. I 
perhaps made too much of distortion. It occurs about once a fortnight, or, 
in other words, perhaps 2 per cent. of our maps give real trouble through 
distortion. 

I have been asked how many pulls it is possible to get from a zinc plate. 
If we are printing an edition we generally make a new zinc plate from an 
existing negative, and we expect it to print about 10,000 copies at least. Then 
when that is done, for the next edition we probably made another new plate. 
Plates can be made within an hour, and it is therefore very simple. Of course 
there are accidents ; you may get a badly grained plate or one with a flaw, or 
something goes wrong and the plate may fail before it has printed five copies. 
A good one should run to 10,000 on an offset machine. I would not guarantee 
that for a flat bed. 

Mr. CRAWFORD: I may add that I am running a job now, and we get 
10,000 off quite comfortably and roll up the plate and put it away for another 
edition. It all depends upon the material used and how the plate is treated. 

Col. CRASTER: Mr. Hinks has asked a question with regard to illuminating 
the corners of the map. What we have found in actual practice is that there 
must be uniform illumination all over the map, and the light must not shine 
directly on the map, but across from both sides so that there is no direct beam 
thrown on to the map. We do get a falling off at the corners with our lens, 
but I am afraid that if we illuminate the corners that would land us in more 
serious trouble. We should get a shine on the negative—a reflection from the 
map which would upset our negative. We know so well from experience that 
we must light the maps by the side that I have-never really made the experiment 
of shining a spot light on them. 

With regard to the permanency of the glass negatives, we have extra- 
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ordinarily few breakages. I have been in charge of the work at Southampton 
for about three years, and no important negative has been broken during that 
time. We have had minor breakages of unimportant negatives. A man 
scraping the film off a negative will sometimes break the plate, but that is of 
no significance. However, we take very great care of the negatives and carry 
them about as little as possible from one room to another. The glass is pretty 
thick ; it takes a good deal to break it. 

With regard to the sams serif type that is being adopted for the bulk of type 
on the 25-inch maps, there will be lots of other types as well, but it will increase 
the speed and decrease the cost of producing the 25-inch map, and that is a 
very important point. Ifa man wants a 25-inch map he wants it very quickly, 
as a rule, for a lawsuit, and the sooner we can get it out after the map has been 
revised the better. 

The PRESIDENT: We have had a most interesting discussion on a subject 
of great interest, and much light has been thrown upon the process of map 
reproduction. The outcome seems to me to be that while the technique of 
the process has certainly now reached a very high standard, the final word has 
by no means yet been said. It is clear that there are differences of opinion 
amongst the experts upon questions of detail. Though I ventured to throw 
out a suggestion that some one might give his experience on the question of 
the photogravure process for map reproduction, it seemed to me that amongst 
the speakers there was a conspiracy of silence on that point, and I remain as 
much in the dark on that particular question as I was before the afternoon com- 
menced. I assume, therefore, that in the opinion of the experts the process 
is not of any real value for the reproduction of really accurate maps. That 
may be so or not. In any case we are all much indebted to Col. Craster for 
the excellent paper which he gave us to start the discussion, and I hope that 
the interest which he found taken by the audience in the subject which he laid 
before us will, to some extent, recompense him for the trouble and the time which 
he has so kindly given to instructing us this afternoon. I offer him the thanks 
of this audience for having done so. 
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gen! eighteen months ago I was in Queensland, and it was my 
good fortune to be invited to join a party that was being organized 
to make a cruise among the islands and reefs that lie in the great lagoon 
area between the coast of Queensland and the Great Barrier Reef. 
There is in Queensland a body called the Great Barrier Reef Com- 
mittee, presided over by H.E. Sir Matthew Nathan, Governor of the 
State. He has long been a Fellow of our Society, and those of us who 
know him will not be surprised to learn that such a subject as the study 
of the Barrier Reef excites his keen interest and receives his firm support. 
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The Secretary of the Committee is Professor C. H. Ricards, Professor of 
Geology in the University of Queensland. 

The Barrier Reef Committee has for its object the promotion of the 
study of the many problems both physical and biological which that 
wonderful phenomenon presents, and as it is always anxious to arouse 
the interest of others in those problems, it seized the opportunity of an 
International Scientific Congress being held in Australia to organize 
a visit to the Reef area. 

The Government of Queensland very generously placed a ship at 
the disposal of the Committee and the Committee issued invitations. 
These were so avidly sought after and accepted that every available 
square foot of deck space was at night occupied by the mattresses of the 
guests. 

We set sail on September 12 from the port of Mackay in lat. 21° 8’ S., 
and our first port of call was Palm Island. 

There are several good reefs within reach of this island, and on one 
of them many of us had our first sight of growing coral. 

Coral reefs are divided into three classes according to their relations 
with land : 

Fringing reefs are directly connected with the land. They grow out 
on the slopes where these are convenient, neither too steep nor too muddy. 

Barrier reefs lie away from land, and the characteristic feature is 
that there is a wide and deep navigable channel between a barrier reef 
and the coast, whether of island or continent, which it separates from the 
ocean. 

The third class is the Atoll. If you imagine a barrier reef encircling 
an island and then imagine the island to be removed, leaving only a 
lagoon with a reef all round it, you will get a good idea of an Atoll. 

The reefs that we visited were almost all fringing reefs attached to 
islands. Characteristic features of these reefs are the circular discs 
which corals of certain common species form. The general surface is 
perfectly horizontal—there are unevennesses, of course, but no slope. 
The coral grows up from the bottom, which may be sloping or ridged 
or of any shape, so long as it is not too steep, and continues to grow 
until it reaches low-water level, and then it has to stop. Until it reaches 
the surface of the water the surface of the coral will in general be parallel 
to that of the ground on which it has its foundations, but given time 
enough, it will fill up all hollows, level all slopes, and present a truly 
horizontal surface. If there is a channel between two islands the coral 
will tend to fill it up and eventually to join the two islands into one. 

The rate at which coral growth proceeds has been estimated by several 
very competent observers, but somewhat discordant results have been 
obtained. This is not surprising, for it will be readily allowed that rate 
of growth will be dependent on many variable factors. From a number 
of estimates it may be concluded that to build a reef 100 feet thick would 
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require a period of from 700 to 5000 years. If we say that the rate of 
reef building is not often more rapid than 100 feet in 1000 years we have 
made as precise a general statement as is justifiable. 

A coral reef, especially a fringing reef, is a rather vulnerable, fragile 
thing. A dead reef is no uncommon sight. The most usual cause of 
death is the deposit of sand or other sediment. ‘To this the corals are 
very sensitive. ‘They have the means of getting rid of sediment which 
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is not settling too fast, but if their powers cannot keep pace with the rate 
of deposit death overtakes them. The dead coral is attacked by numerous 
agents of destruction, and soon the architecture of the reef-builder is 
reduced to mud, sand, and désris. Where the descent from the land to 
the sea is steep, so that the corals have no convenient platform to attach 
themselves to, reefs do not form. It is very usual to find islands with a 
reef on one side and none on the other, and the steepness of the slope 
seems to be the determining factor. 

Besides fringing reefs we visited two reefs, or cays, as they are called, 
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formed entirely of coral and not attached to any pre-existing island. 
We must suppose that there was a platform suitable for the coral polyps 
to settle upon, so that in time a considerable area was colonized and built 
up to low-water level. The next step is not quite clear, but probably 
on some part of this area the coral died, and was broken up by waves 
and destroyed by living organisms. The fragments were heaped up by 
the action of currents and winds until a low flat bank standing above 
high-water mark was formed. Gradually the same agencies heap the 
débris into mounds and more or less steep-sided ridges, which in time 
attain a height that puts them out of the reach of the sea water. Then a 
coconut is washed up and lodges itself, other seeds are transported by the 
winds and plant themselves, and gradually the sandy ridge is covered by 
vegetation and a coral island is formed. 

On some reefs we saw specimens of those curious objects to which 
the name ‘“ Negro-head” has been given. Opinions about these 
objects have differed. Alexander Agassiz thought they were remains of 
a previous reef, that the whole area had been raised from its former level 
by a distance equal to the height of the top of the negro-head above the 
present low water, and that the coral, killed by being elevated out of the 
water, had been destroyed and washed away, leaving only a few remnants 
to indicate the former reef surface. The better opinion seems, however, 
to be that they are merely great blocks of coral jetsam thrown up on 
top of the reef during a storm and carved into their present shape by 
tidal erosion. A comparison with blocks which are quite obviously 
jetsam, thrown up too recently to have suffered the characteristic erosion 
gives support to this view, and the fact that negro-heads are always found 
on the weather side and not on the lee side of a reef seems conclusive, 
showing that they are the product of storms and not the last relics of an 
eroded reef ; such relics would surely be found in sheltered rather than 
in exposed positions. 

The amount of destruction to coral reefs wrought by hurricanes is 
immense. On some beaches there are great accumulations of blocks of 
coral which have been torn from the place where they were formed below 
sea-level and hurled to their present positions. 

On the outer barrier, which we did not visit, it is clear, from the 
beautiful pictures in Saville Kent’s book, that there is a very luxuriant 
coral growth, and the corals seem to be of rather different species from 
those found on the fringing reefs of the lagoon area, but I have no know- 
ledge of the different kinds of coral, and will not attempt to discuss the 
question. 

Before turning homewards we visited Dunk Island, the home for 
many years of E. J. Banfield, the author of ‘ Confessions of a Beach- 
Comber’ and ‘ My Tropic Isle ’—books which have had a very wide 
circulation. Mr. Banfield died on his island about two months before 
our party visited it. It is a very delightful spot, and gives perhaps a 
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foretaste of what many of these islands may in the course of time become, 
when occupied, cultivated, and adapted to human needs. 

Our last day was spent on Lindeman island, from the highest point 
of which, 700 feet above the sea, a most beautiful view was obtainable. 
The blueness of the water, the whiteness of the coral strands, the green- 
ness of the islands, and the perfect weather made a combination on 
which I look back with extraordinary pleasure. 


I now turn to the problems which coral reefs and islands present and 
the theories which have been invented to account for them. 

Broadly speaking, the two great questions that must be answered 
by a theory of coral-reef formation are: (1) Why are reefs so frequently 
ring-shaped ? (2) Reef-builders cannot live except in water of moderate 
depth: how are we to account for the existence of such an immense 
number of suitably situated platforms for coral to grow on ? 

That such platforms are very numerous the map given by Darwin 
clearly shows. Of atoll formations alone, that is to say, coral reefs 
apparently unconnected with land of the continental type, there must 
be thousands. 

With the first of these questions, the tendency of atolls to be ring- 
shaped, the Great Barrier Reef has less intimate connection than other 
areas, and I shall not discuss it at all. It is the second problem, namely, 
the provision of suitable platforms for the reef-builders, that I wish to 
examine in connection with the Great Barrier area. 

Between the coast of Queensland and the Great Barrier lies the lagoon. 
The lagoon varies in width from ro to 50 miles. It is all shallow and very 
flat bottomed ; its depth is about 20 fathoms. Outside the barrier the 
depth rapidly increases to 2000 fathoms or more. Of the various islands 
that lie off the coast in the lagoon a few are composed of the same rock as 
the mainland, but many are purely coral, and on the barrier reef there is 
no mainland rock at all; the whole is of coralline formation. 

We have here a very typical example, though on an unusually large 
scale, of the formation that led Darwin to propound the subsidence 
theory—that is to say, we have a line of reefs, apparently unconnected 
with land ; then a flat-bottomed and rather shallow lagoon with occasional 
patches of coral in it ; and fringing reefs attached to most of the islands 
in the lagoon. 

The first investigator of the Reef—Jukes, of H.M.S. Fy, in 1842— 
formed the opinion that the whole of the lagoon floor was of coral, and 
that the flat shelf and outer rampart were entirely built up by the coral 
polyps. 

Fig. A is copied from the diagram contained in his account of the 
voyage and investigations. It is a — not drawn to scale, but it 
clearly shows what his idea was. 

As the depth of coral at the outer sins according to this diagram, 
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must much exceed that at which the reef-building corals can live, Jukes 
followed Darwin in believing that the land had originally been at a 
higher level and that it had gradually subsided while the coral grew 


up and up. 


Main Land 


Section of Great Barrier Reef 
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But further study of the form of the eastern coast and shelf of Queens- 
land and New South Wales shows that Jukes’s section is not correct. 
The evidence is clear that the horizontal shelf at the outer edge of which 
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the barrier reef now stands came into existence before the coral, and 
that the coral did not make it, but merely took advantage of its presence. 
At a little over 24° from the equator the sea becomes too cold for 
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coral to flourish, but the form of the shelf is just the same as further 
north where reefs occur (Fig. B).* It is quite clear that the coral growth 
is merely an addition to the shelf and not the origin of it. 

Nevertheless, there is good reason for believing that this shelf is an 
area of subsidence, and that what is now its edge, marked almost through- 
out its length by the barrier reef, was formerly the coast of the mainland. 

The coast has a deeply indented outline, and numerous islands, all 
of curiously irregular shape, lie just off the mainland. Given time, the 
action of the sea is always to smooth the outline of a coast, to do away 
with sharp promontories and deep embayments, so the form of the 
Queensland coast irresistibly forces on us the idea that it is a new 
coast ; that the land has only recently sunk and the water flowed into 
the channels and bays which were formerly valleys and ravines. A study 
of the forms of the Whitsunday and Hinchinbrook channels will make 
this very clear. 

The question of earth-movements in this region was studied by 
E. C. Andrews in 1902, and he finds that there was a differential move- 
ment, the coastal area sinking while inland there was elevation. His 
evidence is clear and convincing. A little more recently the question 
was again studied, with special reference to the barrier reef, by C. Hedley 
and T. Griffith Taylor. Their conclusion is the same, namely, that there 
has been a differential movement. Their words are : “‘ It seems probable, 
therefore, that a tectonic rocking about the main mountain axis of the 
state obtained at the close of the Tertiary, leading to depression in the 
east and elevation in the west.” I think it will be safe to accept their 
conclusion. Can any light be thrown on this “tectonic rocking ” ? 
Can such a movement be correlated with any other phenomena? I 
will venture to make a suggestion. I wish first to draw attention to the 
lie of the various island groups in the Pacific. The way in which these 
islands are arranged in parallel chains is very remarkable. The con- 
stancy of direction is moreover not confined to the Oceanic islands. It 
holds good in the case of the islands nearer to Australia also, and affects 
even the great islands of Papua and New Zealand, and the coast of the 
Australian continent. Notice the close parallelism of the New Hebrides, 
New Caledonia, the north-westerly peninsula of New Zealand, the 
south-westerly one of Papua, and finally the coast of Queensland. This 
peculiarity has often been remarked, but till recently I do not think it has 
been connected with a definite cause. It is impossible to believe that 
it is fortuitous. The parallelism must be an indication of a common 
factor in the formation of these different features. 

If we examine the chart of the Pacific Ocean for evidence as to the 
form of the ocean floor, we find that there are numerous soundings on the 
line between Fiji and Hawaii. This line, moreover, is at right angles to 
the direction of the chains of islands. 


* T. Wayland Vaughan, ‘ Ann. Rep. Smithsonian Institute,’ 1917. 
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Constructing contours from these soundings, we find that they indicate 
the existence of ridges running parallel to the island chains. The amount 
of information available is not very large, but so far as it goes it conveys 
the idea that the floor of the ocean is undulating, that the undulations 
are parallel to the directions taken by the chains of islands. 

Fig. C shows the contours of the ocean floor and a section in which 
the vertical scale has been very much exaggerated. This exaggeration 
makes the slopes appear much too steep, and is therefore rather mis- 
leading ; but without exaggeration it is impossible to show the undula- 
tions in a diagram of moderate size. From the figure the character of 
the ocean floor will, I hope, be fairly clear. It is undulating. The waves 
are parallel to the lines of islands. The height from crest to trough is 
frequently great, 10,000 feet being not uncommon, but in comparison 


Cc 


Contours of Ocean Floor 


I 
Sea Level 
, 500 Metres 


Miles 
° 500 
1 


Vertical Scale 40 times Horizontal . 


with the distance from crest to crest these are small quantities, and the 
slopes of the undulations are not steep. 

In the Halley Lecture, entitled “‘ Radio-activity and the Surface of 
the Earth,”’ delivered last May by Professor John Joly, the series of events 
resulting from the accumulation of the heat due to radio-activity in the 
crust of the Earth is traced in a very interesting and convincing way. 
I cannot attempt even a 7ésumé of the argument, but will just give the 
barest outline of part of the cycle which Professor Joly describes, using 
his own words as far as possible. 

His thesis is that the accumulation of heat in the crust, due to radio- 
activity, in the course of time melts the deeper layers of the basaltic 
substratum which underlies both continents and oceans. 

The effect of the slowly progressing change from the solid to the liquid 
state is to increase the volume of the substratum. The overlying crust 
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is thrown into a state of tension. The ocean floor yields to this tensile 
stress, it is rent, and large volumes of fluid magma escape into the ocean. 
The lines along which the crust yields will be perpendicular to those 
along which the stress is greatest. 

It may be reasonably assumed that the lines of maximum stress will 
be across the widest span of the ocean from continent to continent. In 
the Pacific this widest span is from California to Australia, and we see 
that the lines of islands and of the undulations of the ocean floor are 
perpendicular to the direction of the greatest width. We thus connect 
the outpouring of the fluid magma with the parallelism of the lines of 
islands, and may expect that great mounds and ridges of volcanic rock 
will be formed along such lines. Some of these may reach the surface 
of the sea and form islands, others may remain as submarine banks. 

By this overflow of fluid magma the accumulation of heat is given up, 
the rate of loss far exceeding that of radio-active supply, and the surface 
conditions described above are reversed. The cooling and solidifying 
magma shrinks in volume and permits the descent of the outer crust, 
z.e. the continents and ocean floor. But the latter has increased in area 
during the period of magmatic expansion, and is too great for the 
diminishing terrestrial surface to which it has now to fit itself, and can 
only follow down the sinking magma by crumpling the ocean floor or by 
compressing and deforming the continental crust. It appears to do both. 
The floor of the ocean is thrown into long undulations. It bears against 
the continental borders with such force as to buckle them. 

There is not time enough to allow me to put before you the ideas which 
have been propounded as to the effects of these movements on the oceanic 
islands and of the further consequences of the readjustment of the iso- 
static equilibrium, but I suggest that we may have here the clue to the 
nature of the processes which have led to the provision of the innumerable 
separate but systematically arranged platforms on which the coral reefs 
and islands stand. 

These speculations have carried me a long way from the Great 
Barrier Reef, and as a last word I want to indicate what I think have 
probably been the effects of these movements on the eastern parts of 
Queensland. 

In view of the theory of isostasy and other considerations, it is neces- 
sary to look on the continents as consisting of lighter materials than the 
ocean floor and the deeper crust, and as floating in that crust in somewhat 
the same way as a sheet of ice floats in water, though with considerable 
differences. I think it is reasonable to suppose that when, as has been 
shown, the ocean floor was thrown into undulations, the undulations may 
have continued under the continent, and that the last of these in the south- 
westerly direction extended under the lagoon area and the eastern part of 
(Queensland, lowering the former, raising the latter, and producing the 
“ tectonic rocking ” to which geologists have referred. 
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Whether that is true or not, it seems that the Barrier Reef marks the 
edge of a former coast-line; but there are several puzzling features. 
The reef is generally at the edge of the continental shelf, but not always ; 
sometimes it is a good way from it. Then the reef is not by any means 
continuous, there are gaps; a few have been surveyed, but most are 
only vaguely known. 

The most interesting lines on which inquiry can proceed at present 
seem to me to be in the direction of determining the causes which lead 
to coral growth in some localities and to absence of growth in others. I 
do not mean so much the wider questions of temperature, depth, etc., 
which control the distribution of corals in the ocean, but the intimate 
questions of why corals fix on one piece of suitable bank and avoid another 
which looks quite similar. 

Our present knowledge of the Great Barrier Reef is far too scanty and 
inaccurate to allow of such detailed questions being studied, and my view 
is that the first requisite is a good survey. . The fact that the visible reef 
is necessarily all at the same level makes aeroplane photography par- 
ticularly suitable for this purpose. A photographic record on a large 
scale of some selected part of the reef, which could be compared with a 
similar picture taken some years later, would be of great value. The 
Royal Australian Navy is taking up the question of the Survey of the 
Reef area as a whole. If in conjunction with that work an aeroplane 
survey of some part could be undertaken, I believe that the way would be 
opened to a great increase in our knowledge of the laws of coral formation. 


Part II. Tue Lire oF THE REEF: F. A. Potts 


The only qualifications I possess for speaking on the animal life 
of the Great Barrier Reef is the experience I gathered while on a 
small expedition, organized by the Department of Marine Biology of 
the Carnegie Institution of Washington. We started from Brisbane 
in August 1913, under the leadership of the late Dr. A. G. Mayor, and 
our first objective was Thursday Island, in the neighbourhood of which 
we expected to find an ideal development of coral reefs. For reasons 
which I will describe later we were dissatisfied with Thursday Island as 
a centre, and acting on information received from Mr. Charles Hedley, of 
the Australian Museum, we went to Murray Islands, 150 miles to the east. 
It is a difficult place to reach, for communication is only kept up with the 
island by occasional pearlers or trading vessels, but the glorious marine 
fauna makes it a paradise for the zoologist, and offers endless opportunities. 

Murray Islands are almost at the north end of the Great Barrier 
Reef, not far south of Bligh Entrance, the principal gateway of Torres 
Straits, through which Bligh sailed in 1792 on his second voyage. They 
are a small group of three volcanic islands, each a breached tuff cone. 
I will confine myself to a description of the largest of these, Mer. In 
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this island the remains of the cone reach a height of 750 feet, and from the 
vent an extensive flow of lava took place which formed a great part 
of the island. The whole of the coast-line measures about 4 miles. 
There are three small streams, which only flow in the rainy season, 
which have cut deep ravines. The detritus carried down by them has an 
important influence on the development of the reefs. 

Mer is completely surrounded by a fringing reef, which is a favourable 
object of study because hurricanes occur very rarely if ever in the region, 
and the corals are able to grow uninterruptedly. South of Cairns on 
the Great Barrier Reef such destructive influences lay waste vast stretches 
of the reef, and largestranded masses of coral—the so-callednegro-heads— 
testify to the force of the waves. But the south-eastern reef-flat of Mer 
was described by Dr. Mayor, who had very wide experience, as “‘ one of 
the most luxuriant coral growths to be found in the Pacific.”” It is not 
merely the absence of hurricanes which is favourable, but also the position 
of the island so near to the edge of the Barrier Reef in pure oceanic water. 
It is not far from the mouth of the Fly River, but is not in the least affected 
by its muddy waters. 

An inspection of the chart shows that, as in other islands in the Torres 
Straits, the reef-flat is widest on the south-east and east sides, and that 
it diminishes very greatly on the south side and at the west corner. The 
poverty of the reef on the south side is due to the silt and mud poured 
down by the waters of Haddon and Headley brooks. Bruce brook has 
a similar effect on the north side. In both regions the reef is covered with 
sand and mud, and there are very few living coral colonies on the surface. 
The reason for the great extension of the reef to the south-east is to be 
found in the fact that this is the direction from which the trade wind 
blows strongly for eight months of the year. Coral growth is most 
strongly stimulated by the opposition of the waves, and by a curious 
coincidence the side of the island where marine erosion would be greatest 
in regions without coral reefs is here most adequately protected by the 
outgrowth of coral. 

On the incoming tide the ocean water divides, at the south-east reef, 
into two streams, the stronger going to the south-west and the weaker 
to the south-east. The sediment carried by the former is deposited by 
an eddy at the west corner of the island, and the reefs here are smothered 
and sand-dunes occur on the shore. This process has been going on for 
a long time, and a fairly extensive piece of land has been added to the 
island by the deposit of marine sediments on the volcanic foundation. 

A small portion of the reef on the north-west side is of a type not seen 
elsewhere on the island. The dominant corals are not the stony Madre- 
poraria, but Alcyonaria, allied to the ‘‘ Dead Men’s fingers” of our 
shores, and like them fleshy in character, though containing innumerable 
stony granules or spicules which add considerably to the structure of 
the reef when the colonies die. These Alcyonarian reefs are especially 
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typical of the neighbourhood of Thursday Island, and indicate an excess 
of sediment in the water. At very low tides when the reef becomes 
dry the flabby colonies collapse, unable to support their own weight. 
The whole surface is often covered with mud, and such corals as do live 
here must possess a very efficient apparatus for sweeping clear their sur- 
faces of the fine particles. Though such fleshy Alcyonaria are the most 
characteristic inhabitants of these muddy reefs, the “organ pipe”’ coral 
and the “ blue coral,”” which are also Alcyonaria, occur here, as well as 
some Madreporarian corals which are specialized for such a life. 

The south-east reef, however, presented the greatest range of con- 
ditions and the largest number of coral types, and it was minutely in- 
vestigated by the Expedition. One of the chief aims of this and succeed- 
ing journeys to the Pacific was to correlate the physical conditions with 
the distribution of the corals and their physiological properties. The 
study of this single reef shows clearly phenomena which must be repeated 
in thousands of islets on the Great Barrier Reef. When a selected 
group of Madreporarian corals is shown like that figured in Saville 
Kent’s monograph on the Reef, the amazing contrasts in type of 
branching and colony form are clearly seen. Especially is this so in the 
family Madreporidz, which is so widely spread and dominant on the 
majority of reefs. If however they are seen in their natural surroundings, 
it is easily recognized that the shape of the colony is partly controlled by 
the conditions under which it grows. It may even be seen that some 
species have many growth forms according to the position on the reef 
in which they grow. These adaptable species have a wide range, and 
can endure extreme conditions; but probably the majority of species 
have a limited range, and do not vary or only vary very little. They are 
only found in positions where the conditions are similar, and in other 
places they would find it impossible to settle or to support life when once 
they had fixed there. 

The first feature to which I will call attention in this reef is the “‘ Litho- 
thamnion ridge,’ a feature which is characteristic of the outer edge of 
exposed reefs in the Indo-Pacific area. It only occurs where the surges 
are heaviest ; thus in the chart of Mer, it tails off to the north, and is 
absent altogether from the rich reef on the south-west side. Here it is 
not so much a ridge as a nearly flat plateau 6 to 8 inches above ordinary 
low-tide level, and about 150 feet wide at low spring tide. Its surface is 
occupied by many shallow tidepools with numerous living corals, but 
typically it consists of dead corals which have been covered by a smooth , 
layer of a calcareous alga, Porolithon, which is as much as 2 centimetres 
thick. This layer curves over the outer edges of the reef and descends 
for a short distance, usually about a metre. This veneer of living material 
protects the coral from erosion by the waves and invasion by boring 
organisms. 

The establishment of the Lithothamnion ridge as a feature is however 
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due to the growth of the coral underneath, and in such a reef as that at 
Aua, in Samoa, the ridge is clearly seen to be made up by Madrepora 
(Acropora) leptocyathus, a swiftly growing coral, which only occurs 
where the waves break. Many of the compact colonies are living, many 
are dead or dying, and as soon as they die they become encrusted by the 
alga. Both the coral and the alga are thus dependent on highly aerated 
water for their supplies of oxygen, and moreover live exposed to full 
sunlight with no protection from above. There is this difference, how- 
ever, that when the full force of the breakers is felt the coral finds it 
unable to support life. On isolated pinnacles or particularly exposed 
reefs like that of Mer, no growing coral colonies are to be found, except 
in sheltered cracks and pools, but the continuous crust of calcareous alga. 

The Lithothamnion ridge is the highest part of the reef: it surrounds 
it without a break, and at almost every low tide it just becomes dry, while 
the rest of the reef is converted into a gigantic tide pool the water of which 
is thus prevented from escaping. The colonies of coral grow in this 
tide pool just up to the level of the average height of water, so that they 
are not usually exposed to the air; they thus resemble a forest of low 
bushes with their tops all reaching to the same height. 

Dr. Mayor made a series of exact determinations of the abundance 
and distribution of the various species on the surface of the reef by tracing 
a line from shore to edge across the greatest breadth of the ridge and 
surveying squares with 50-feet sides along it. In each square the number 
of colonies or heads was counted and classified according to species. 
This survey brought out a number of interesting points. It showed, for 
instance, that the greatest number of colonies (belonging to 15 species) 
was found about 400 feet behind the edge of the reef and 1400 feet from 
the shore. The greatest number of species (26), on the other hand, is 
foun# just behind the ridge (200 feet from the edge of the reef) and 
1600 feet from the shore, but the number of colonies here is smaller, 
many being broken off in time of storm. In the middle region of the 
reef growth is favoured by the calm water and food is apparently 
abundant, and a struggle for mastery takes place between the various 
species in which one, Seréatopora hystrix, comes off an easy winner. A 
number of species occur both shoreward and seaward of the Seriatopora 
zone, but are greatly reduced in numbers, if present at all, where Serza- 
topora is successful. It seems, indeed, that in and near the breakers the 
corals must fight for existence against the sea, while in the less agitated 
water there is abundant evidence of a contest between the various species. 

It can also be said that, apart from the factors mentioned above which 
limit distribution, we find that each species thrives best at some definite 
distance from the shore. A few indeed extend over the whole reef 
from shore to edge: thus, for instance, Porites andrews occurs between 
450 and 1100 feet from the shore. Poczl/opora bulbosa has an even wider 
distribution, and responds to smooth and rough water by different 
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growth forms. Except on the Lithothamnion ridge where the branches 
are short and stumpy, the coral has elongated delicate branching. 

Even more interesting than the response to position is the well-known 
effect produced in Pocillopora by one of the smallest of all crabs, Hapa- 
locarcinus, which is particularly associated with this genus because of its 
adaptability. The female, which only attains the size of a pea, settles 
down between two dichotomously divided branchlets and controls their 
growth by the current of water which is sent out from her gill chambers. 
The two branchlets broaden out to short palmate structures, quite unlike 
the ordinary slender forms, and curve over and unite to form a closed 
chamber about the size of a hazel nut. ‘There is, however, a line of 
small apertures serving for the passage of water and food, which are 
kept from closing by the constant current. When the crab dies the 
chamber is promptly sealed up. The form of these structures invites 
the name of “ gall” which has been given them, but there is no real 
parallel with the vegetable structures, for the crab works more by directing 
the growth of the coral rather than stimulating the tissues to abnormal 
activity. 

Seriatopora is also infected by Hapalocarcinus, but much less heavily. 
The growth is much less easily influenced in this genus, and I would 
suppose that the rarity of galls compared to those in Poctllopora is due 
to the lack of response to the stimulus of the crab’s respiratory current 
in Seriatopora. 

As the shore is approached the corals become rarer both in number 
of species and of individual colonies. At 600 feet from the shore there 
are still a number of different kinds, of which species of Porites and 
Pocillopora are the most characteristic. At 400 feet the bottom is covered 
with fragments of broken shells and corals, amongst which the “ sea- 
grass’ Posidonia grows thickly. ‘The only living corals which occur 
here are attached to blocks of dead coral, and are forms like Porites and 
Celoseris. 

Besides the movement of the water, the two physical factors which 
principally determine the distribution of the corals are temperature and 
the presence of sediment in the water. Having carefully mapped out 
the zones of the reef as described above, Dr. Mayor proceeded to make 
direct determinations of the death temperature of the reef corals. In 
the cool month of October it was found that while the surface of the sea 
outside the reef has a temperature range of 34° C., that over the reef flat 
is much greater, and increases as the shore is approached to as much as 
124°C. At low tide, when the water is imprisoned by the Lithothamnion 
ridge the temperature speedily rises, and it is then that some of the corals 
approach their death temperature. In the hot calms of the north-west 
season in January, when no breeze tempers the surface of the tide pool, 
corals must sometimes be killed. 

Experiments in which corals placed in sea water maintained at definite 
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high temperatures in a thermostat showed that the Madreporas of the 
reef edge will die if kept at a temperature of from 35° to 36° C. for as 
much as an hour, while the inshore corals, like Porites andrews and 
Psammocora, will stand an hour’s exposure to 36°8° C. The most 
resistant corals of all to heat are large massive Porztes, which are only 
killed at 37°5° C. after half an hour. These experiments show that there 
is a distinct difference of 1° to 2° C. in the death temperatures of the 
corals of the inshore flat and the cool waters near the Lithothamnion 
ridge. Similarly corals were buried in coral mud for varying periods 
to compare their resistance to silt, and it was found that a corresponding 
physiological difference existed between the corals in the different 
situations. 

The disastrous effect of silt and sand on corals is a common experience 
of the investigators of reefs. Four years ago, in Samoa, Dr. Mayor and 
I had an unusually good opportunity of estimating it. From 28 June 
to 1 July 1920, 37°5 inches of rain fell at Pago Pago. The harbour 
water became so muddy that nothing could be seen an inch or two below 
the surface. The amount of sediment in a given volume of water from 
the reef flat was determined, and worked out at 1 ounce in weight to a 
cubic yard. It consisted in about equal proportions of very fine volcanic 
material from the shore and calcareous mud from the reef flat. All 
kinds of corals in the inshore reefs were killed, especially the two species 
of Madrepora, Pocillopora, and Porites, and large stretches became 
barren. To show how unusual an occurrence this would seem to be, 
it may be said that some of the heads of massive Porites which were 
killed, must have been at least fifty years old and were 5 to 7 feet in 
diameter. Such corals are characteristic of reefs with rather muddy 
waters, so it is evident that at times like this there is no differential 
mortality among the corals. Even the very hardy Alcyonaria were all 
found dead and disintegrating. 

The dilution of the sea water by the great volume of rain is important 
in the surface layers, but it acts over a shorter period than the silt. In 
June to July 1920 the water continued to be unusually turbid for ten 
days in Pago Pago harbour, but the salinity quickly became normal. 

These observations explain the occurrence of reefs in the Pacific, 
once recorded as rich, the whole surface of which is now covered with 
dead coral. It appears, then, that the growth of a coral reef is not a 
uniform process, but is liable to serious interruption. After a catastrophe 
such as that described above, the reef must be recolonized from the 
seaward edge or the sides, where living colonies remain, but this is 
inevitably a slow process. 

Corals on the Great Barrier Reef are not, in the present age, subjected 
to any sudden or substantial lowering of the temperature. The reef 
corals in such extreme extension of their range as in Florida may be 
called upon, when a “ norther ” is blowing, to withstand a temperature 
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of 15° to 16° C. A temporary exposure to this does not harm them, 
but it is the bottom limit of their growth, and even at slightly higher 
temperatures they lose their ability to capture prey. In view of the 
chilling of the oceans which is thought to have taken place during the 
Glacial Periods, the observations of Mayor have some interest. He found 
that the reef corals of the Great Barrier Reef could stand as low a tem- 
perature as those of Florida. ‘The latter live in a much wider range of 
temperature than the former, but they are not, therefore, better adapted 
to changes of temperature. 

The rate of growth of reef corals is a subject which has interested 
nearly all workers on their biology. An interesting observation made by 
Mayor on the Barrier Reef may be mentioned. Savile Kent in 1890 
measured and photographed a group of corals growing off Vivien Point, 
Thursday Island, and Mayor was able to identify this group twenty-three 
years later and remeasure them.* His results indicate that two massive 
colonies belonging to different genera had grown very nearly at the same 
rate, about 1°9 inches in diameter per annum. He was able later to 
compare these results with others obtained in Samoa, and reached the 
conclusion that the average growth rates of corals was distinctly greater 
on the Great Barrier Reef than in Samoa. It may also be mentioned 
that the Queensland reefs are much richer in species than the Samoan. 

The object of these few notes is to indicate roughly the influence of 
various physical factors on the form of a coral reef and of individual 
coral colonies. The expedition to Murray Islands broke some fresh 
ground, owing to the ingenuity and energy of the leader. The results 
thus gained formed the starting-point of a series of researches in other 
parts of the Pacific, which were abruptly terminated by Dr. Mayor’s 
illness and death in 1922. During the time that he had held the post 
of Director of the Department of Marine Biology in the Carnegie Institute 
of Washington he had studied the biology of coral reefs in the West 
Indies and the Pacific with wonderful enthusiasm and resource. The 
financial appropriations of the Department enabled him to fit out his 
expeditions with equipment complete for almost any emergency. It is 
a matter of the greatest regret that his work was cut short so prematurely. 
A monument has been raised to his memory, most appropriately, on one 
of the Tortugas, a remote group of islets 60 miles west of Key West in 
the Gulf of Mexico, where he had built and directed an ocean laboratory. 

Before the paper the PRESIDENT said : The subject of the paper this evening 
is the Great Barrier Reef, and, in view of certain surmises which I have heard 
bandied about as to the geographical position of the Reef, I think I should 
explain that it is not an Antarctic phenomenon. The Great Barrier Reef 
is indeed a remarkable place. It is by far the largest thing of its kind that is 
known, and extends for well over 1000 miles from north to south at an average 
distance of from 12 to 20 miles from the mainland of Queensland. It possesses 
many interests, and we shall hear of it to-night, first of all, from a geographical, 

* Papers from Dept. of Marine Biology, Carnegie Inst. V. 9. 
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then from a geological, and finally from a biological, point of view. The 
proceedings will commence with a general description of the Reef given by 
Sir Gerald Lenox-Conyngham, who requires no introduction to an audience 
of this Society, he being a well-known member of the Council. He proposes 
to describe a cruise which he took at the invitation of the Government of 
Queensland some eighteen months ago, and he will then proceed to discuss 
the Great Barrier Reef largely from a geological point of view. The biological 
aspect of the Reef will be dealt with by our other lecturer, Mr. Potts, who a 
good many years ago accompanied an American scientific expedition to this 
extraordinary place. Mr. Potts, I believe, will be able to show us a certain 
number of photographs which have been taken below the surface of the sea, 
and which, therefore, will prove to be of much interest to us. I now have 
pleasure in calling upon Sir Gerald Lenox-Conyngham to begin his paper, 
and I will ask Mr. Potts to follow him as soon as he has concluded. 


Sir Gerald Lenox-Conyngham and Mr. Potts then read the papers printed 
above, and a discussion followed. 


The PRESIDENT: Captain Douglas, Hydrographer of the Admiralty, is 
here. We welcome him as a recent recruit to the ranks of this Society, and 
I am going to take this opportunity of asking him to say a word or two on the 
subject of the paper. 

Captain H. P. DOUGLAS, C.M.G., R.N. (Hydrographer, the Admiralty) : 
I would like to say a few words in connection with the survey of the Great 
Barrier Reef in which, as Hydrographer of the Navy, I am personally very 
much interested. It will probably be of interest to you to know that there is 
at the present time fitting out at Pembroke Dockyard a ship for the Royal 
Australian Navy—H.M.A.S. Silvio; and she is to be employed on hydro- 
graphic surveying duties on her arrival in Australia. The Sz/vio is sister ship 
to the three latest British naval surveying vessels, namely, the /roguozs, employed 
in China; the Ormonde, employed in the West Indies, and the Hera/d, em- 
ployed in the Torres Straits. The Sz/vzo will be entirely under the Australian 
Government, but certain surveying officers, including the Commanding 
Officer, are being lent from the British Navy. This ship will be the first 
Australian naval surveying ship, and it is understood that her primary work 
will be the survey of the Great Barrier Reef. 

The work is of enormous magnitude, because to meet present-day require- 
ments it must be exact and detailed. When one examines the charts made by 
Captain Blackwood in the Fly and Bramble from 1841-46, and later by Captain 
Owen Stanley of the Rattlesnake from 1846 until his death in Sydney in 1850, 
one is struck with the enormous area to be covered and the vast amount of work 
done in those days, although on practically nothing more than exploring 
expeditions. However, such work enabled what had been done earlier by 
Cook, Flinders, Bligh, Stokes, and King to be more or less coordinated, and 
so we got a map, or chart, of the Great Barrier Reef such as you have seen this 
evening. But that is practically all we have. It is extraordinary that we have 
a reef such as that 10 to 70 miles off the coast and yet there has been no 
systematic sounding or triangulation carried out whatever, nor any connection 
made between the position of the Great Barrier Reef and the main shore-line. 
From Sandy Cape, 24° S., to Cape Conway, 20}° S.—a distance of about 
400 miles—there is no shore triangulation whatever, so far as Admiralty 
records show. It is true that there are half a dozen positions on shore fixed 
astronomically by the Queensland Survey, but it is considered that the first work 
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to be done is a triangulation of this coast which can be extended seaward to 
the Reef so that the latter can be connected with the shore. 

From Cape Conway north to Dunk Island and thence to the Torres Straits 
triangulations have been made at various times by British surveying ships, 
but they do not appear to satisfy present-day requirements. They have been 
done at odd times and in different years. In this area the only attempts to 
connect the Barrier Reef with the mainland are Melville Pass in lat. 14° S., 
which was done in 1899, and Cook’s Passage, 144° S., done in 1900; but— 
and this is indicative of the scantiness of the triangulation—these are not con- 
nected with each other, nor with Waterwitch Passage between them, which was 
surveyed in 1897 though not triangulated. 

It is thus clear to me that the first work is a good triangulation extended 
out to artificial marks, or natural objects, on the Barrier Reef, and this in itself 
is a very big task for one surveying ship—7.e. a triangulation covering an area, 
say, from 10° S. to 25° S._ I am of opinion also that a preliminary survey of 
the Great Barrier Reef by an air photographic survey should be made con- 
currently with the triangulation, if such could be organized. This would be 
of immense value to the surveying ship when it comes to work out on the 
Barrier Reef, as it will doubtless help her in organizing her sounding work 
to show the clear-water passages and channels, many of which are unknown. 

It is difficult to estimate the number of years that such a survey on, say, a 
scale of 1/50,000 would take, but I consider it is work that should be done, 
not only in the interest of Australia, but of the Empire at large. One can safely 
be assured, in any event, that the survey, if carried out by the combined efforts 
of the Royal Navy and the Royal Australian Navy, will be done thoroughly, 
and thus the reputation that British maritime surveys are second to none will 
be maintained. 

The PRESIDENT: I know of one other gentleman who is present this 
evening who can take part in the discussion, and he is Prof. Stanley 
Gardiner, of Cambridge, an authority on the Pacific. 

Prof. J. STANLEY GARDINER: I should like, in the first place, if you will 
allow me, to pay my tribute to the two lecturers for the very interesting evening 
they have given us. When I first became interested in coral reefs there was 
considerable doubt as to agencies which formed them. Every one believed in 
the Darwinian subsidence theory, and the name of Sir John Murray was only 
mentioned as a matter of courtesy. To-night Mr. Potts has shown us how the 
corals live; how they form the reef; at what rate they grow; what affects 
their growth ; and, finally, what binds them together into a solid rock. 

Sir Gerald Lenox-Conyngham has, I think, made a definite step forward 
in the consideration of the problem, but there are one or two points about 
which I should like to enter a caveat. Inthe first place, he speaks of the Great 
Barrier Reef as having been produced by “tectonic rocking.’”’ I would like 
to suggest to him that, if there is any such tectonic rocking, it is inconsistent 
with the theory of undulations starting from the south-west which he later 
put forward. There are two other theories with regard to the formation of 
the foundations. One of them is due to Prof. Richards—and I see the paper 
has also the name of Mr. Hedley upon it. He shows that the Queensland coast 
has north-and-south faulting right along the greater part of its length, together 
with an east-and-west faulting, and he evidently claims that this faulting, or 
vertical sinking and breaking of the Earth’s crust, is responsible for the greater 
part of that irregularity of contour which the lecturer showed us as indicating 
a more regular subsidence. The other theory is that which is associated 
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with the name of Prof. Daly. There are those “‘ negro-heads ”’ to which the 
lecturer referred. Prof. Richards in his latest examination shows a general 
elevation of that region of about 10 or 15 feet. We have found similar elevations 
over most of the coral reefs of the world, and we claim that they are due to 
changes of ice in the Polar regions. Prof. Daly extended this to the great 
glaciation of the Pleistocene period, and showed that in the melting of that ice, 
then accumulated at the Poles, there would be 200 to 300 feet of water that 
would flow to the centre of the ocean—quite sufficient to account for the founda- 
tion on which the Great Barrier Reef rests. 

It would seem to me that these three theories can all be tested, to some degree. 
They can be tested in the boring, which I believe the Committee in Queensland 
is proposing to put down. They have one point in common, namely, that the 
sea has presumably gradually extended from the edge of the Barrier Reef right 
up to the present coast, a distance of 30 to 40 miles. If they put the boring 
down anywhere between the edge of the reef and the present coast, they ought 
to strike the sandy shore, or the shore strata, which would have been formed on 
any of these three theories, and which should be readily determinable in the 
core. I would venture to suggest that the proper place for the first boring is 
not at the edge of a reef, but rather halfway across, then there would be less 
difficulty and more certainty of reaching the underlying rocks, which it is 
all-important to determine. 

I cordially agree with the lecturer in suggesting that the foundation of the 
Great Barrier Reef is indicated quite clearly off the coast of New South Wales. 
We are told why the reef does not extend further south; it is a question of 
temperature, as Mr. Potts has explained. It seems very remarkable that there 
is a similar bank almost homologous, so far as its physiography is concerned, 
up the coast of Brazil, which has no such reef. There are corals there ; there 
is a Lithothamnion ridge on sandstone reefs, but there is no coral reef. The 
slope is the same: a gentle slope to 50 fathoms, and then a fall from 50 to 
100 fathoms in a tenth or twentieth of the distance of the previous slope, a 
drop of ten or twenty times more steep. It is just the same as off the east of 
Australia and under the Barrier Reef, and there seems no adequate reason why 
a reef should not grow up on either coast from 50 fathoms at the edge so as to 
reach the surface. I wonder whether the lecturer has considered other slopes 
at all? The only evidence of any such barrier growing up, where there would 
be a trough between the submerged barrier and the land, is perhaps to the 
south-west of Ceylon for a short distance between Galle and Colombo, but we 
don’t know enough of the bottom here. I would also draw attention to the 
east coast of Africa, where we have elevated reefs forming certain islands. 
Such elevated reefs are all being washed away, but we have fringing reefs along 
the East African coast. Contouring it, if it were sunk to about 50 fathoms, 
the result would be something like the continental slope under the Barrier Reef 
that we have seen to-night. 

I think we must look particularly to geodesists for further progress in this 
question of coral reef formation. Botanists, zoologists, geologists have really 
come to the end of their tether. The geodesist now comes in, and we really 
want him very badly to tell us what can happen so far as the Earth is concerned. 
We know that great changes have taken place in the past, and we think that 
they were probably periodic. We think also that there have been accumulations 
of energy that must have been set free periodically in mechanical results. Our 
lecturer told us that this was so, and he told us that undulations can start 
somewhere about Australia ; that they can pass over that continental region 
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which really extends to Fiji; that they can even cross the deep moat which 
surrounds the true Pacific ; and can extend right up to Hawaii. I agree with 
Sir Gerald Lenox-Conyngham in thinking that we must have one cause for 
the formation of all those islands in the middle of the Pacific. If you examine 
them biologically, if you take their contours, there is a striking resemblance 
between the whole lot; they seem, indeed, to be morphologically identical. 
If you examine their slopes—and you can do so off several, because they seem 
to have been very accurately surveyed—you will find that they have slopes 
beneath the sea which are very similar to the ash island slopes described in the 
Geographical Fournal some ten years ago. I venture to draw attention to 
this point because a former member of the Society—I refer to a great hydro- 
grapher of the Admiralty, Admiral Sir W. Wharton—put forward many 
years ago the theory that these lines of islands in the Pacific were lines of weak- 
ness; that the underlying material broke through; that thus submarine 
eruptions took place ; that the lava coming into contact with the water exploded 
into ash; that ash islands were formed; that they were easily cut down, if 
they reached above the surface of the sea, to banks upon which corals com- 
menced to grow; and finally that they formed atolls by greater growth on 
their seaward faces. I think a good deal of the possibilities of this would be 
agreed to by the lecturer. I venture to draw your attention to it because it is 
a view which has been very much passed over. 

On another point I think that the lecturer can help us further—and he 
has given us great encouragement so far. These undulations to which he has 
referred would naturally settle down again. They would level probably, if 
I understand Sir Gerald Lenox-Conyngham aright, by their own weight. 
Their settlement would be further assisted because the sediments would 
accumulate more rapidly upon them than in the deeper water around. Coral 
reefs might grow up on top, and they would add further to the weight. If I 
understand Bowie and Hayford aright, the coral reefs at present existing would 
not be heavy enough to cause sinking in their neighbourhood. But surely 
such great reefs as those of the Maldive Islands would be large enough? It 
is impossible to believe that they have escaped compensation. 

I would finally venture to suggest that the reefs of the Pacific are very recent 
indeed. Personally, I mean within about twenty to fifty thousand years. 
That is recent enough. At any rate, it is within the time that man lived—and 
civilized man. I venture to suggest that, because of the work of the geologists, 
particularly in Fiji. There are ancient Tertiary reefs there, besides a large 
number of other more recent reefs; none of the fossil reefs is more than 200 
or 300 feet in thickness. That is rather remarkable. There is recorded no 
vertical thickness of elevated coral reef greater than this in the Pacific Ocean. 
As far as those reefs are concerned they could grow up this distance, according 
to Dr. A. G. Mayor and other observers, in certainly less than a couple of 
thousand years. So there is no great difficulty as to time. The material is 
practically the same as that building reefs now. To summarize, I venture to 
suggest that we really owe the existence of many of the present reefs in the 
Pacific to the melting of the great ice-cap that seems to have taken place about 
20,000 years ago, and which gave some of them the immediate foundations on 
which they are built. It is quite clear that we could easily get atolls growing 
up in that period of time. I would further suggest that the greater part of 
the present land on these reefs is due to the recent elevation of 20 or 30 feet which 
seems to be almost universal round the tropics. 

Finally, I venture to think that it is the greatest pity in the world that there 
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is a Great Barrier Reef. Its existence is really a tragedy so far as the people 
of Queensland are concerned. It is a great nuisance to navigation. It is also 
a curse because it destroys 70,000 to 80,000 square miles of most admirable 
trawling ground. There is that ground off Brazil, but not off Queensland, 
for lagoons within reefs are so devoid of animals on the bottom that ground- 
feeding fish cannot exist in sufficient numbers to make trawling for them profit- 
able. There are the deche de mer, or trepang, which the Chinese use as soup ; 
they are not of great value; they are not a commercial proposition.. Sponges 
do not grow well within reefs. There is no certain commercial proposition, 
so far as I can see, within that reef except possibly to the extreme north, where 
there is an opening for pearl-shell cultivation. Pearl shell is becoming very 
scarce, and I trust that those responsible for the investigation of the Barrier 
Reef will consider the possibilities of starting that industry in the region, the 
way to which has been paved by researches in the Red Sea and elsewhere. 

The PRESIDENT: I join, on your behalf, with Prof. Stanley Gardiner in 
offering to our lecturers this evening our extreme gratitude for the interesting 
story they have told us. Sir Gerald Lenox-Conyngham has given us a clear 
and interesting picture of the curious geographical features, such as the sub- 
ocean platforms which alone make the building up of the coral reefs possible ; 
and Mr. Potts has given us a most delightful account of how the polypi produce 
the reefs. I am sure you are all most grateful to them for the trouble which 
they have taken in making these things clearto us, and I offer them your grate- 
ful thanks. 


Note by Sir Gerald Lenox-Conyngham. 


That Prof. Stanley Gardiner finds the tectonic rocking inconsistent with 
the undulations of the ocean floor of which I spoke shows that I have failed 
to make my ideas clear. I imagined that, in the formation of an undulation, 
the basaltic substratum underlying the region extending from about the 
Great Barrier Reef to what Hedley and Griffith Taylor call the ‘‘ hinge line” 
of the tectonic rocking, had become the trough of a wave, the crest of the 
wave lying further to the south-west under the region where elevation has 
been observed. 

The movement, as I visualise it, would be accompanied by much faulting 
of the continental super-structure; for it is not to be supposed that the 
formation of the undulation would proceed smoothly, as if the basalt were 
perfectly plastic. It is much more probable that it would proceed disruptively, 
and that each partial fracture would be communicated to the continental rock 
above it. Even if, however, the folding of the substratum were effected by a 
smooth continuous process there would nevertheless be faulting of the super- 
structure. This superstructure hes too much rigidity and too little strength 
to accommodate itself to a bending foundation without the occurrence of 
shearing stresses sufficient to produce faults. 

Prof. Gardiner also spoke of the undulations passing ‘‘over’’ the con- 
tinental region, which really extends to Fiji, and certain oceanic deeps, as if 
this were a difficulty. But what I have in mind are undulations taking place 
under these surface features. The action conceived by Prof. Joly has its 
origin deep down below oceans and continents, and would be in no way 
impeded by the accidents of the surface topography. 
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Folding Map follows p. 376, with Figures 1 and 2 on back. 


relief Kenya Colony is to be regarded, as far as the second parallel 

of latitude on either side of the Equator, as consisting of a plain 
rising gradually from the sea to a height of 600 metres, the contour 
marking that elevation trending roughly north and south rather to the 
east of long. 38°. South of the Equator this great sloping plain is incised 
by the upper reaches of the Tana River ; to the north it blends with the 
almost waterless expanse of Jubaland. 

Still further in the same direction, bounding the low country, the 
edge of the Abyssinian highlands (Fig. 1) forms a very distinct geo- 
graphical line with a marked convexity to the south, and the level of 
600 metres’ elevation and under would continue to the Rudolf Region 
in a north-westerly direction along the frontier, as an arm of the Jubaland 
plain, were not the depression between the Abyssinian and East African 
highlands bridged by the long low hills of Marsabit and Huri, the former 
and most probably the latter being volcanoes surrounded by lava-flows. 

In considering the configuration of such a country, it appears to the 
writer that, as far as possible, the lava-flows and associated volcanoes 
should be disregarded, 7.e. mentally dissected from the underlying sur- 
face of crystalline rocks, as being comparatively late additions tending 
to mask the true structure of the ground. Thus the removal of Marsabit 
(Fig. 2) and the surrounding plains of lava, even if, as seems probable, 
these are of no great thickness ; of Huri (if this be indeed a volcano) ; 
and of Essi (Assi) north of Kulal, would restore the pre-volcanic geo- 
graphy, probably of Cretaceous age, and give a truer value to the Juba- 
land depression.* The composition of the highlands north-east and 
south of Lake Rudolf is geologically closely similar, and there can be no 
doubt that their histories have been in all essential respects one. The 
principal element in their structure is an ancient complex of altered 
sediments and igneous rocks, now almost entirely crystalline, followed 


* In appearance, from which in this case relative age can alone be judged, there 
is nothing to choose between the phonolites of the Kapiti Plains (Prof. Gregory’s 
earliest subdivision of the Cretaceo-Tertiary Series) and the olivine-basalts of the 
Dida Gullgullo, that is the area from the Abyssinian frontier to Marsabit. Judged by 
the fresh appearance of the flows, Marsabit itself must be considerably younger. 
Photographs having failed to show the characteristic outline of Marsabit, a sketch of 
the central part of the volcano, showing the gentle slope and parasitic cones, is repro- 
duced as being of interest (Fig. 2). ; 

In regard to Huri, Arnold Hodson mentions the “ enormous piles of volcanic 
rock scattered on the ground ’’; there can be little doubt that this is a volcano of the 
same age and type as Marsabit (Private communication). 
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after a vast interval of time by extravasations of lava and the formation 
of volcanoes. The composition of the Jubaland Plain and its north- 
westerly extension to the Nile in the neighbourhood of Bor and Mongalla 
is essentially the same as that of the highlands. 

This country, from the neighbourhood of Lake Rudolf westwards, 
is here termed the Northern Swampland. The general character of the 
lowlands east of Rudolf, between Wajhir, Moyale, and Eil Wak, bears 
a strong resemblance to that of Turkana west of the lake. 

In the former district, plains of fine grey silt, containing no fragments 
of rock but with abundant remains of pulmoniferous gasteropods, 
alternate with areas of red lateritic-looking soil containing angular 
quartz grains but no shells. Black cotton soil comes in as a variant of 
the grey silt, and the extent of each type of ground, on a line of march, 
is from 1 to, say, 5 miles. In some cases the red soil occupies slightly 
higher ground ; evidently the floor of crystalline rocks is nowhere very 
far below the surface, and indeed, it is not rarely visible. 

The agency of wind in eroding such areas now occupied by the grey 
silt is very probable. 

Mr. Bullen Newton has kindly determined the shells to be: Zvo- 
chonanina liederi (Martens); the type has been described from south- 
west of Lindi, East Africa: Zvopidophora nyasana (E. A. Smith); the 
type is from the Nyasa Plateau: Zimicolaria cf. calliaudi (Pfeiffer) ; 
the type was originally described from Sennaar, Abyssinia: and Z. colo- 
rata, var. fuscescens (Martens); the type is from the Victoria Nyanza 
Plateau. The comments are Mr. Newton’s. 

The character of the alluvium, doubtless of different ages, varies 
considerably from spot to spot. At Oghberali, 47 miles west of Eil 
Wak, 40 feet of hard lateritic rock, with a brecciated appearance, is 
underlain by a bed 15 feet thick of dark terra-cotta coloured material, 
at the base of which is soft sand, the whole being the result of the decom- 
position of the gneisses and schists of the neighbourhood with a con- 
tribution from the Jurassic sandstones, which appear within a short 
distance. The whole section showed a lamination, not sufficiently 
pronounced to call bedding. This deposit contrasts strongly with the 
very gypsiferous beds of Eil Wak. 

At Debell, 45 miles south of Moyale, about 20 feet of alluvium is 
underlain by some 30 feet of decomposed igneous rock. In the majority 
of such sections the solid rock below was not seen. From a suitable 
elevation, when such can be obtained, the great extent and monotony 
of this thorn scrub-covered plain, broken only by a few rounded and 
usually elongated hills, is very remarkable. 

Turning to the western side of Rudolf, Major Rayne remarks that the 
lowlands are ‘‘ between 1300 and 1500 feet above sea-level,’’ wherefrom 
the mountains “stand out like islands in a sea of plains” (Your. 


African Soc., 1919, 18, p. 183). East, west, and north of Mount Pelegach 
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as seen from the summit, he describes “‘ vast plains covered with stunted 
scrub and intersected in the most bewildering manner with tree-lined 
watercourses.” These are the equivalents of the Lakes of Jubaland, 
wherein running water occurs but rarely. 

In common with all the great African Lakes, the surface of Lake 
Rudolf formerly stood at a much higher level, for Major Rayne records 
(Zbid., p. 262) that on the sides of the Labor (or Lubur) volcano “ between 
500 and 1000 feet above the surface of the lake ’’ occurs a “ stratum of 
sand (containing) numerous shells,- exactly the same as those found on 
the lake-shores.”” * ‘‘ Washed pebbles” occur in this bed, which is about 
2 feet thick, “‘ always almost horizontal, with perhaps a slight dip west- 
wards.” + He mentions that the shells were also found by him “in 
quantities in dry streams,” “‘ embedded in great lumps of a kind of 
cementy conglomerate” “lying in these same stream-beds as far as 
40 miles from the lake.”” Major Rayne adds, “I have not seen any 
live mussels or shells in Turkana saint which are almost nearly 
always dry.” 

It seems probable that, as described - Count Wicklenburg (Geogr. 
Four., 1903, 22, p. 698), the Kuroli Desert was at one time an easterly 
extension of Lake Rudolf, while Angelis d’Ossat and Milleosevich 
conclude ¢ that ‘‘ Rudolf was formerly a valley connected to the Nile 
and isolated by a geologically recent subsidence.” Athill confirms 
this, remarking, after describing the country between Rudolf and Mon- 
galla, that (Geogr. Four., 1920, 56, p. 365) ‘“‘ Cumulative evidence and 
the opinions of almost every traveller in this region point to the former 
existence of a huge lake or swamp joining Rudolf to the Nile.” This 
swamp condition extended northwards, embracing the “ Upper Sudan 
Sudd Region,” § bordering the Nile from Pibor to nearly the roth 
parallel. 

Part of this country has recently been described by Major J. Stevenson- 
Hamilton, who states that “‘ permanent water can seldom be found at 
depths of less than 140 feet through solid clay.” || The length of time 
implied is noteworthy. 

North of Lake Rudolf, Major Athill’s description of the divide between 
the Omo and Akobo drainages indicates, as he points out, the probable 
existence of a fault, trending presumably north-east to south-west. To 
the south the Maji plateau is over 8000 feet high, and it is probable 

* Compare “Studio Geol. Sec. Sped. Bottego, 1900,”’ Soc. Geogr. Jtaliana, 
p. 198. Also R. Bullen Newton, App. 2 to ‘ The Rift Valleys and Geology of East 
Africa,’ J. W. Gregory, p. 385. 

+ Private communication. 

t J. W. Gregory, of. ctt., 320; and ‘‘ Sec. Spedizione Bottego, 1900.” 

§ Dr. Cuthbert Christy, Geogr. Four., 1923, 61, p. 313, map. 

|| Geogr. Four., 1920, 56, p. 395. In contrast to this depth, W. F. Hume records 
(‘Explanatory Notes to accompany the Geological Map of Egypt,’ Cairo, 1912), 


the thickness of the Nile mud as only 10 metres, indicating the relatively recent con- 
nection with the volcanic plateau of Abyssinia. 


338 NORTH-WESTERN EXTENSION OF THE JUBALAND PLAIN 


therefore on the Akobo side that the ground has dropped. A study of 
these records indicates that the country is probably riddled with faults. 
The ‘ precipitous cliffs’ of the Maji Plateau (Athill, p. 358), the per- 
pendicular cliffs of Tomadur * (to the south-west) can scarcely be other- 
wise explained. 

Turning our attention southwards, for additional knowledge of the 
mid-Tertiary and recent extensions of Lake Victoria, previously known 
from the work of Dr. Felix Oswald and others, we are indebted to the 
labours of the Uganda Geological Survey. Mr. Wayland (Ann. Rep. 
Geol. Depart., 1921, pp. 15, 35 e¢ seg.) places in the Miocene the great 
northern extension of the lake, which he considers at that time embraced 
Kioga and Kwania, and in which the sediments of the Karamoja district, 
underlying the volcanic rocks of Elgon, were laid down. These beds, 
the Karamoja sediments, occur at heights of 4100 to 4650 feet above 
present sea-level; their deposition was followed by a lowering of the 
waters of the lake, placing them under erosion, but in the early Pleisto- 
cene a revival of pluvial conditions took place,t and alluvium was again 
deposited at levels reaching about 4000 feet, z.e. 300 feet above the 
present surface of Victoria. 

In considering the Pleistocene geography of this country, the area 
including lakes Kioga and Kwania and Kirkpatrick may be con- 
veniently known as the Southern Swampland. At the present time, 
taking the region south of the basin of the Kidepo, occupied in part by 
the Maroma and Dodosi Hills, we find on the east the well-marked 
northerly drainage of the Kerio, Turkwel, and Tarash rivers, followed 
on the Nile side of the watershed by the southerly or south-westerly 
flowing headwaters of the Agaga and Assua. The circular course of the 
latter, at first south-west, then round the base of the Lober Hills to a 
north-westerly direction, until it makes the short sharp turn to flow into 
the Nile just below the Dufile elbow, is very noteworthy. 

The divide between the Assua and the Fajao—Foweira~Kioga basin 
is described by Driberg (Geogr. Four., 1921, 58, p. 123) as a “‘ minor 
break ”’ in the “ gentle gradient ”’ of the country upwards to the Nile- 
Rudolf watershed. The Assua emerges from Lake Kirkpatrick, “‘ one 
of a series of similar swamps formed by the confluence of the rivers coming 

* Athill, p. 364. Such evidence as is obtainable indicates that the drainage from 
the neighbourhood of the Maji plateau is youthful. A comparison of the sketch-map 
accompanying Athill’s paper and T.S., G.S., No. 2286, Sheet 2, 1907, 1/M, shows 
that an easterly flowing tributary of the Kibish has a fall of 1 in 240, a stream flowing 
from the western side of Tomadur 1 in 660, whilst the Akobo itself over a distance of 
about 160 miles along the Abyssinian frontier, of 1 in 2000. These figures compare 
with the grades of the Bahr el Jebel, between Bor and the Sobat confluence, of suc- 


cessively from south to north of 1 in 6000, 12,500 and 22,000 (Fourtau, “‘ Le Bassin 
Nilotique,” Ann. de Géogr., No. 155, Plate. The figures are after Sir William 
Willcocks). 

+ This agrees with the Pluvial period of Blanckenhorn, the “ regenrich Uebergang- 
zeit zwischen Pliocan und Diluvium,” the ‘‘ Melanopsis Stufe ” (Zezt. Gesell. f. Erdk.s 
1902, p. 715). 
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from the north and east,’’ but if the figures for the course of the Assua 
north of lat. 3°, as given in G.S., G.S. No. 1539, are correct, that part 
of the stream is of a juvenile character. Between the lowlands, which 
have been termed the Northern and Southern Swamplands, lies an 
elevated region, the ‘‘ Intervening highlands,” stretching from the 
Lobor Hills on the south to the Lafit Mountains on the north, from 
23° to 5° N. lat. 

The late Major Leeke’s * admirable map and description of this 
country brings out the importance of the prominent scarp forming the 
Rudolf—Nile watershed, extending from the Turkwel Gorge to Morongole 
in a north-and-south direction (¢.e. parallel to the most southerly part 
of the Rudolf trough), then changing to a north-west to south-east 
trend through the Dodinga Hills. 

At Morongole “‘ its crest is over 2000 feet above the plain below,” 
and “it finally tapers off into the great plain stretching north towards 
the Pibor River’? (Leeke). The hills of the entire district ‘‘ slope up 
gradually from the west and end abruptly in precipitous bluffs on their 
eastern sides.’ From Major Leeke’s description, I conclude the 
watershed escarpment is a fault zone, as also that of the Latuk Hills 
and the north-west to south-east boundary of the Laroma Range with 
its north-west continuation, the Lafit Hills. 

In the present state of knowledge any attempted explanation of the 
evolution of the existing drainage must be hazardous, but the following 
suggestions may outline approximately the sequence of events. 

In Miocene times the water-level of the Southern Swampland was 
at its maximum height ; Lake Victoria included Lake Kioga, possibly 
Lake Kirkpatrick ; the Albertine Rift was not then formed (Wayland). 
Judging by such heights as are given on existing maps, a drainage from 
the southern swamps to the northern might have been effected along the 
grain of the Latuka highlands, as Hobley has already suggested.t A 
second and temporary overflow may have existed eastwards along the 
young Turkwel Valley,§ but the Miocene lake shrunk after a time, 
possibly cutting off this effluent ; while a third would seem most probably 
to have existed along the Bahr el Jebel, then the continuation of the 
valley of the Unyama,|! which is to be regarded as the most westerly 


* Leeke, “‘ The Northern Territories of the Uganda Protectorate,” Geogr. Four., 
1917, 49, Pp. 202. 

+ Major Rayne confirms this as regards the eastern hills (of. czt., p. 261). It should 
be noted that between Dufile and Lado the dominant direction of strike of the meta- 
morphic series is north-west to south-east (Quart. Four. Geol. Soc.,1905, 61, pp. 541- 
666). An unpublished map of this region compiled by Lieut. Stuttaford from in- 
formation given by Capt. Chidhard-Roberts has also been consulted. 

t Hobley, ‘‘ Notes on the Geology of Africa.”” Also quoted by Gregory, ‘ Rift 
Valleys and Geology of East Africa,’ p. 264. 

§ See sketch-map, Geogr. F¥our., 1916, 48, p. 157, ‘‘ The Headwaters of the Nile 
before the Breaching of the Latuka Gorge,” after Suess and Gregory. 

|| Fourtau, ‘‘ Le Bassin Nilotique,” Aan. de Géogr., 1919, No. 155, p. 378. This 
writer thinks the Assua took the part of eroding first of all this valley. 
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of the rivers of the highlands having the dominant north-westerly direction 
of flow. If so, the now southerly directed drainage of the Assua flowed 
north and was received, in part, probably by the headwaters of the 
Kidepo. Then came the change. 

From early Pliocene time onward a general elevation took place ; 
shown by the youthful drainage system of the Victoria Lake, and by the 
falls and rapids of such individual rivers as the Gelo from the Abyssinian 
highlands, and the rapids of the Uaso Nyiro between Laikipia and 
Archer’s Post.* 

According to the suggestions here put forward, this elevation was 
accompanied by movement on either side of the Dodinga—Morongole- 
Moroto watershed, that on the west taking the form of a tilt in that 
direction and possibly increasing the throw of the north-west to south-east 
faults or giving more prominence to the Bahr el Jebel. That on the east 
deepened the Rudolf trough. 

Concomitantly came the formation of the Albertine rift and the placid 
stretch extending from the lake as far as Nimule (fall 1 in 25,500, 
Fourtau after Willcocks). It seems probable that ere this Lake Rudolf 
included the Kuroli Desert (elevation about 600 metres), its waters being 
confluent with the northern swamps and the Nile. A slightly greater 
rise would have effected a junction with the Indian Ocean across the 
plain of Jubaland. 

The earlier drainage along the fault-formed ridges of the Latuka 
highlands was bisected, and the waters of the southern swamps, obedient 
to the westerly tilt, found two new channels westward, one by the 
Victoria Nile to Lake Albert, the other and northern, the Assua system, 
into the Bahr el Jebel below Nimule, a channel already partially carved 
out by the Unyama. The amount of this suggested tilt may be inferred 
from the heights given on the 1/M map, G.S., G.S. No. 1539, sheet 86. 
North and south of the Lobor Mountains, over direct distances of from 
go to 100 miles, the fall is 300 feet, or 1 in 1760. 

The second pluvial period followed, and the elevation of the Equatorial 
highlands effected a rejuvenation of the streams, thus accounting for the 
still youthful character of the Victoria Nile. 


THE GEOGRAPHICAL WORK OF THE CANADIAN 
ARCTIC EXPEDITION 


“THE cartographical work of the Arctic Expedition led by 

Mr. Stefansson in 1913-1918 was the subject of a paper by 
Mr. McDiarmid in the Geographical Fournal, October 1923. This 
paper was criticized on certain points of detail by Mr. James White, 
formerly Chief Geographer to the Canadian Government, and a Memo- 


* This is the period of Gregory’s “‘ Second Main Series of Rift Valley Faults,”’ 
op. cit., p. 105. Also Wayland’s Post-Miocene compression, of. c7t., Table i., p. 16. 
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randum dealing with these points was accordingly prepared and published 
in the ¥ournal in June 1924. We printed at the same time a summary 
of Mr. White’s comments on the Memorandum which had been sub- 
mitted to him before publication. Since then Mr. White has written a 
further letter, in which he points out that our summary hardly did him 
justice, and has asked us to publish his comments in more detail, as they 
constitute fresh evidence. It may be recalled that on two out of five 
points the writer of the Memorandum found in favour of Mr. White’s 
views, namely that Lougheed Island was in reality Findlay Island of 
the older charts, and that certain statements concerning the charting of 
Banks Land made by Mr. Stefansson were incorrect. Mr. White’s fresh 
comments on the other three points are as follows : 

(1) That Edmund Walker Island ts really Patterson Island as laid 
down by Richards and Sherard Osborn. Mr. White disputes the state- 
ment in the Memorandum that Patterson Island was fixed by a triangula- 
tion in the form of an isosceles right-angled triangle. He also points 
out that the admission that Lougheed Island is Findlay Island places 
Findlay Island in its original position as located by Osborn but altered 
by Richards. If its neighbour Patterson Island is similarly adjusted in 
position to where located by Osborn, it coincides with Edmund Walker 
Island of Stefansson. The author of the Memorandum suggested that 
Patterson Island might lie between Lougheed Island and Bathurst 
Island, but Mr. Stefansson himself has very definitely stated that there 
is no possibility of an island there. It would appear, therefore, that 
Patterson Island is probably Stefansson’s Edmund Walker Island. 

(2) That Ireland’s Eye of McClintock was in reality Brock Island. 
Mr. White emphasizes that Ireland’s Eye was zof visited, but only seen 
by McClintock, and draws our attention to its position on Map B, accom- 
panying the Memorandum, where it nearly coincides with a part of the 
west coast of Brock Island. He claims therefore that Ireland’s Eye was 
a portion of Brock Island, the rest being concealed from McClintock 
by mist at the time of his visit. The evidence, however, on this point 
appears still inconclusive, unless again we give most weight to Mr. 
Stefansson himself, who says that he believes Ireland’s Eye to be a small 
independent island lying off False Island Point. Should the future not 
confirm this belief, Ireland’s Eye would probably be a part of Brock 
Island, but constituting such a small part as to make ‘it only fair to 
retain Mr. Stefansson’s nomenclature. We hope, however, that such a 
picturesque name as Ireland’s Eye will still find a place on the map. 

(3) That Borden Island was probably sighted by Osborn from 
Bathurst Island. Mr. White points out that the author of the Memo- 
randum has repeated Admiral Richards’ error of confusing Osborn’s 
“Loom of Land” of April 29 with certain bearings taken previously 
to Findlay Island. The bearings N. 21° W. and N. 37° W. were appar- 
ently taken from a hill roo feet high near the camp site of April 28-29, 
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whereas the ‘‘ Loom of Land” to the N.W. was observed on April 29 
by Osborn from a height of about 200 feet and one and three-quarters 
hours’ walk from the camp. Mr. White merely suggests that Borden 
Island was sighted by Osborn. 

It seems to us, however, that there must still remain considerable 
doubt on this matter. Osborn had just located Findlay Island as lying 
30 to 35 miles to N.N.W.; but also considered that the land looming 
to the N.W. was about 30 miles distant. The nearest point of Borden 
Island is 85 miles from Bathurst Island, and it is therefore unlikely that 
Osborn would make the mistake of imagining its position as no further 
away than Findlay Island. Osborn’s actual entry in his log is as follows : 
‘“* New Island (Findlay Island) was plainly discernible: in outline and 
colouring it resembled much the lands seen by us in the autumn of 1852, 
and I doubt not forms a portion of the same archipelago of islets strewn 
over the Polar Sea. About 30 miles to the N.W. (or more) I distinctly 
saw land looming ; it appeared extensive, and I took the bearings of two 
remarkable points of it and not the extremes.” The latter sentence 
might be interpreted as referring either to a land other than Findlay 
Island or merely to Findlay Island itself. This latter probability is 
increased by the distance to the “‘ loom of land ” and to Findlay Island 
being the same, and also by there being no other pair of bearings to be 
found in the log other than the pair to Findlay Island. On these grounds 
we incline to the view that the ‘‘ loom of land ” was not Borden Island. 


IRRIGATION IN SOUTH AFRICA 
C. Daryll Forde 


N the Union of South Africa, an area of about half a million square miles, 
there were in 1921 thirteen million acres of cultivated farm land; and 
of this, half a million (572,003) acres were irrigated. These figures serve to 
show how small is the area of cultivated land in comparison with the great size 
of the country, and suggest the relatively early stage of development. It is 
also apparent that irrigation is an important feature of South African agri- 
culture—one, indeed, that is often underestimated. The further development 
of irrigation facilities is being actively prosecuted by the Irrigation Department 
of the Union Department of Agriculture, which is engaged in a scientific 
investigation of the needs and possibilities of irrigation in South Africa. In 
addition to undertaking surveys and providing professional and financial 
aid to farmers, a special branch of the department is engaged in the systematic 
collection and compilation of hydrographic data throughout the Union. 

The dependence of agriculture on irrigation is self evident in many parts 
of South Africa. Over the greater part of the Karroo and the south-west of 
the Orange Free State agriculture is practically impossible without it, for the 
average annual rainfall is generally under 1§ inches, an exceedingly small 
amount, since the annual evaporation may exceed 60 inches. Moreover, the 
character of this rainfall is most unfavourable to agriculture. It falls fitfully 
in local showers, mainly during thunderstorms, and is extremely uncertain. 
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On either flank of this arid and semi-arid region lie belts of country in the 
south-west of the Cape Province and in the north-east of the Orange Free 
State, the eastern Cape and most of the Transvaal, in which irrigation is 
necessary during some part of the year if higher-grade crops are to be grown. 
All the common summer field crops require an assured 24 inches, and fodder 
crops 15 inches of rain to be successful without irrigation (Leppan and Bosman, 
p. 11). The mean annual rainfall is, however, but a rough guide as to the 
need for irrigation. The seasonal régime, the reliability and character of the 
precipitation, the rate of evaporation, the physical properties of the soil, and 
the nature of the run-off, are all important factors; and South Africa is, on 
the whole, unfortunate in these respects. Many areas which would seem to 
have a sufficient rainfall, are found on investigation to be virtually arid. In 
fact, it is only in the hinterland of the eastern coast between the Drakensberg 
and the sea that irrigation is unnecessary for the majority of crops. Here a 
reliable summer rainfall of between 30 and 40 inches dispenses with any general 
need for irrigation ; but throughout almost all the rest of the Union it is very 
different. The conditions may be briefly summarized as follows. 

With the exception of the south-west corner of the Cape Province, the 
whole of South Africa receives the greater part of its rainfall in summer; and 
this concentration increases from south-west to north-east, where, in the 
Northern Transvaal, 90 per cent. of the rain falls in the six hottest months of 
the year. In areas where the annual total is not large, this ”égime—together 
with a high rate of evaporation and unreliability of fall—is highly disadvan- 
tageous. Even in the south-eastern part of the Cape Province, where rain 
occurs at all seasons, the fall is for the most part too small and too unreliable 
to maintain either summer or winter crops without irrigation. 

As has been indicated, the annual fluctuations are very great, and the 
reliability is correspondingly low, so that whenever the annual average is below 
30 inches, the question of reliability becomes very important. Unfortunately, 
the fluctuations are greatest in the central and south-western parts of South 
Africa (e.g. over the Karroo), where there is only a bare sufficiency of rain in 
the best of seasons. At Griquatown, for example, where the average is 13°31 
inches, there were, during the period 1901-1910, five years in which the annual 
fall was less than 10 inches, while in two of those years it was less than 6 inches ; 
agriculture, that is to say, was practically impossible for five out of ten years 
(Leppan and Bosman, p. 8). 

The greater part of the rain falls in torrential downpours of short duration 
with a consequently rapid run-off. Such a precipitation is, of course, far less 
valuable for agriculture than gentle prolonged falls. At the same time the 
hot cloudless summer weather produces a very high evaporation. The annual 
average in most places reaches 70 inches, and in such circumstances a large 
part of the annual precipitation is rendered unavailable. This is especially the 
case with light falls of half an inch or less, which comprise about a quarter of 
the annual total, and are evaporated before any appreciable amount has 
penetrated into the soil. 

The lack of rainfall is especially felt in the critical spring season when both 
summer and winter crops need water, the former to begin and the latter to 
complete their growth. The precipitation over the whole of South Africa, 
except in the extreme east, is very scanty and very unreliable at this season ; 
for over this plateau sub-continent summer conditions of temperature arrive 
very suddenly, and during the months of August and September high tempera- 
tures and dry parching winds are the rule, while the rainfall characteristically 
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lags behind. ‘‘ The country becomes exceedingly dry during these (Spring) 
months, and the yield of springs and stream-flow generally attains its minimum ; 
. . . the demand for water for irrigation is intense and abnormally high. . . . 
Many large rivers, normally classed as perennial, occasionally dry up entirely, 
and as a general rule fall very low during September, and until the first rain 
falls over their catchment” (Kanthack, p. 16). Without irrigation agricultural 
operations are often delayed very considerably as a result of this long dry 
spring. The growing season, therefore, becomes very short and unsatisfactory, 
for frost is apt to be a limiting factor at the other end. In the central and 
north-western parts of the Transvaal this disadvantage is very keenly felt, 
and is one of the strongest reasons for irrigation development. 

Thus it is obvious that the needs for irrigation in South Africa are very 
great. Mr. F. E. Kanthack, lately Director of the Irrigation Department, 
has estimated that, while in winter no irrigation is really necessary, the need 
rises rapidly in spring when, in September and October, no less than 90 per 
cent. of the total area of the Union requires water for irrigation. The demand 
diminishes towards the height of summer, but increases again as the autumn 
approaches, the percentages being: November, 70 percent. ; December, 40 per 
cent.; January, February, and March, 70 per cent.; and April, 80 per cent. 
(Kanthack, pp. 15, 16). The need is greatest and most prolonged in the 
southern and central parts of Cape Province, where the annual average is small, 
the reliability low, and the spring precipitation is negligible. 

In examining the opportunities for irrigation, conditions of structure, topo- 
graphy and soil are of paramount importance. These factors affect the develop- 
ment of irrigation in two ways: it has to be decided whether the soil is worth 
irrigating at all; and, again, whether the run-off from the surface rock is suit- 
able and sufficient for effective irrigation. In South Africa, where there was, 
and still is, a wide area of undeveloped country, only the very best lands will 
repay the expenses of irrigation. Land must be avoided which, owing to the 
shallowness or poorness of the soil, will never be profitably cultivated, or which, 
though it may become profitable with greater pressure of population under 
considerable artificial fertilizing, is not likely, in the meantime, to beso. There 
are, again, considerable geographical difficulties. South Africa is not a fertile 
country: areas of rich deep soil are very few, and nearly all the really good 
soils are confined to the valley alluvium of certain rivers. Consisting of a 
vast area of plateau country of old rock—even the newest formations are of 
great age—and having been subject to continuous erosion throughout long 
periods, South Africa is marked by an absence of extensive deep-soiled plains. 
The great agricultural contrast between it and areas like the central Argentine 
is most significant in this respect. The long-accumulated detritus that has 
built up the deep fertile soils of the Parana plain is, in the case of South Africa, 
hidden beneath the sea, spread out over the continental shelf. 

Practically the entire land surface has been subject to erosion for long 
geological periods, with the result that thin soils of low humus content and 
poor composition are the rule. Indeed, had not conditions been arid over 
most of these vast periods, the extent of denudation and the agricultural 
qualities of the soil would be worse than they actually are. As it is, the area 
of rough and obviously barren ground, formed largely by erosion of the old 
tableland, is very great; and there is still an immense area of flat country, 
which appears good, but is often found, on closer examination, to consist of 
very shallow soil overlying barren rock. The Harts-Vaal project—the largest 
irrigation scheme planned in South Africa, which was to irrigate by means of 
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a canal some 200,000 acres—was abandoned because soil conditions were too 
poor. This is typical of the general inadvisibility of carrying water to irrigate 
non-alluvial lands. The alluvial soils, though very limited, are being steadily 
brought under irrigation. Such areas are found in the basins of the Breede, 
Gouritz, Gamtoos, Sunday, and Fish rivers in the south of Cape Province 
(see Fig. 1); there are also many thousands of acres of such land at present 
undeveloped along the Orange River. 

Apart from alluvial areas good soils are very rare. Nearly all suffer from 
a deficiency of potash, and they are often of a dry sandy texture with a low 
humus content. Some of the Karroo soils, however, are quite good, the 
abundance of dolerite accounting largely for their fertility. Soils weathered 
from the Bokkeveld series are already being irrigated from the Groote, Gamka, 
and Oliphants rivers in the districts of Oudtshoorn, Ladysmith, etc. 

Conditions in the Free State and Transvaal are not good, for the soils are 
on the whole somewhat sandy ; but they are far superior to those of the south- 
west Cape and Eastern Namaqualand. The soils of Natal and the east do not 
concern us, being outside the area in which irrigation is really necessary ; but 
it may be noted that in Natal the quality varies enormously, fairly rich calcareous 
loams, on which agriculture is very successful, being found adjacent to ferru- 
ginous soils of very inferior texture and physical quality. 

It has been estimated that probably less than 2 per cent. of the gross area 
of the Union consists of good or fair cultivable land, and of this only about 
two-thirds could be considered suitable for irrigation (Kanthack, p. 14). This 
means that, out of nearly half a million square miles, less than 10,000 square 
miles, or about 6 million acres, consist of land good enough for profitable 
irrigation, and only about 4 million of these acres can actually be irrigated. 

There is also the danger of “‘ brakking ” the soil in some parts as a result 
of irrigation. South Africa suffers very badly from “ brak ” soils, z.e. those in 
which soluble salts are present in sufficient concentration to injure plants. 
This is largely a result of the prolonged arid conditions, and may be greatly 
aggravated by hasty irrigation. For irrigation tends to bring deep-seated 
salts to the surface by capillary action, as the evaporation of the water proceeds 
at the surface. Moreover, the water used may itself hold a high content of 
dissolved salts and so brak the soil it irrigates. Once a soil has become “ brak,” 
it is very difficult and expensive to reclaim it, so that it is highly important that 
careful investigation should precede the establishment of irrigation, and that 
water originating in, or flowing over, formations rich in soluble salts should 
not be used for watering the land. 

Structure and soil conditions also influence the run-off in any given area. 
Reference has already been made to the large extent of sandy soils in the Union. 
When the physical properties of these soils, together with the small amount and 
the exceedingly occasional character of the rainfall, are taken into account, 
it will be realized how small is the run-off in such areas. Moreover, in parts 
of the Transvaal there are large areas of dolomite formations (about 20,000 
square miles), and, further east, granitic areas. Over both these regions, but 
more especially on the dolomite, the run-off is exceedingly small, being in certain 
observed cases less than one per cent. of an annual rainfall of 20 to 30 inches. 
Actually the annual run-off is very small nearly everywhere in South Africa ; 
and in some cases there is no ultimate run-off at all in spite of considerable 
rainfall (Sutton, p. 41). This soakage of water into the subsoil and through 
porous and fissured rock represents an enormous loss, and still further depletes 
the opportunities for irrigation in South Africa. Careful investigation is needed 
before any important scheme is embarked on, and the Irrigation Department 
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is actively engaged in collecting detailed information as to the actual run-off in 
important catchment areas. The full importance of this is realized in the 
undertaking of conservation schemes, in which the water is not used as available 
by mere diversion into channels, but is stored behind dams for use at critical 
periods of the year. 

Small irrigation works and well-borings were being undertaken quite early, 
but the first real impetus came towards the end of the last century, when the 
rapid rise of ostrich-farming in Cape Colony led to a great demand for suitable 
fodder crops. South African farmers, with a practical monopoly of what 
rapidly became a highly lucrative industry, were able to undertake many schemes 
for irrigating land to be planted with lucerne. After the Boer War there was 
a very rapid extension, and the ostrich paid for many an irrigation scheme. 
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Fig. 2.—Association of irrigation development with lucerne-growing and ostrich” 
arming. 
The close association of early irrigation development with ostrich-farming 
and lucerne-growing was very marked, and this relationship continued 
right down to the time of the war (see Fig. 2). The irrigation works until 
about 1915 were almost entirely simple diversion works, in which the water 
was led off from the river when available. Throughout most of the country 
such diversion was only possible during floods, the amount and the time of 
which could never be accurately foretold. The Cape farmer, therefore, irrigated 
when he could ; and, since lucerne is exceedingly hardy and drought-resistant 
when once established, and will give good return if it receives two or three 
waterings a year, this system worked very well. On the alluvial lands of the 
Karroo rivers an autumn flooding will generally suffice to store up enough water 
in the soil to produce a fair lucerne crop in the following spring without further 
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irrigation. In the more arid north-western part of the Cape, in the districts 
of Calvinia and Frazerburg, Williston and Kenhardt, where the water supply 
is less and the number of floods fewer, basin irrigation was developed by 
constructing low dams across the wide flat valleys and flooding one basin after 
another. Almost the whole of this flood irrigation development took place . 
in Cape Colony, for in the Transvaal and in most of the Orange Free State 
floods only occur when there is considerable summer rain and practically no 
need for irrigation. 

It was not until the first decade of this century that the Government began 
to take an active interest in irrigation. In 1906 the Cape Irrigation Act, and 
in 1908 the Transvaal Act, were passed. The legislation was very restrictive 
and in the case of the latter largely unworkable, but it did initiate Government 
aid in the planning and construction of irrigation schemes. Irrigation Boards, 
consisting of co-operative bodies of farmers, were established in suitable areas, 
and during the period from 1906-1915 there was a rapid extension of flood 
irrigation. The schemes were small, relatively cheap to construct, and well 
satisfied the needs of fodder and grazing crops. 

But irrigation by flood diversion cannot ensure a certain water-supply at 
critical seasons, for it depends absolutely on the date, amount, and duration 
of the floods, and all three are unreliable. Already in 1910, when the Union 
Irrigation Act was being formed, the need for storage works, by which an 
assured water-supply could be commanded at all seasons, was fully realized. 
This Act, which became law in 1912, aimed chiefly at the facilitating of con- 
servation development. In the Transvaal conservation is essential; and in 
the Cape over-expansion of flood irrigation in favourable areas, the bad droughts 
of 1915 and 1916, and the collapse of the ostrichefeather industry, have enforced 
the need for the development of storage works. To-day the keynote of the 
policy of the Irrigation Department is conservation ; large works are being 
planned to supersede old flood irrigation schemes in pioneer areas, as in the 
Breede and Fish Valleys, and to develop new areas (e.g. Oliphants River, 
Van Rhynsdorp ; Sunday River, Graaf Reinet). Fig. 1 shows the distribution 
of diversion and conservation scheme completed, under construction, and 
under investigation, according to the Annual Reports of the Director of Irriga- 
tion and the Official YeareBook, No. 5, p. 479. As will be seen, by far the 
greater number of irrigation works are in the valleys of the southward-flowing 
rivers in the southern part of Cape Colony. Irrigation in this area has always 
been essential, and the alluvial soils are good. Most of the schemes are small, 
for the relatively narrow steep-sided valleys, characteristic of South African 
topography, limit the area over which water can be conveyed. A scheme 
which will irrigate 15,000 acres is a fairly large one, and in the Breede River 
basin there are sixteen such small irrigation works. New irrigation works 
are under construction in the Oliphants Valley at Van Rhynsdorp, in the 
Upper Sunday Valley at Graaf Reinet, and elsewhere. In the Orange Free 
State two considerable conservation works are being constructed on the Riet 
and Upper Modder rivers; while in the Transvaal large works are under 
construction in the Crocodile and Apies rivers in Rustenburg. 

In the Cape irrigation is largely devoted to the production of fodder crops, 
especially lucerne. The great development of lucerne-growing was due to 
its recognized value as a food for ostriches, but it is now used as a fodder crop 
for all purposes, while there is an export to England and Holland, which is 
expected to increase. It is limited to irrigable lands from which very high 
yields are obtained—from 3 to 6 tons per acre. The growing of oats and 
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roots under irrigation as fodder crops has also recently shown considerable 
development. 

The Breede River basin, especially the districts of Tulbagh, Montague, 
Robertson, and Worcester, is a great fruit-farming region, and irrigation is 
extensively used for all forms of fruit-growing. Here the vine is also grown 
under irrigation, and raisin grapes do exceedingly well; apart from this 
region the use of irrigation for vine-growing is but little practised (¥ournal of 
the Department of Agriculture, vol. 5, p. 198). 

In the Transvaal tobacco is an important irrigation crop. Practically all 
the Virginian tobacco produced in the Union is grown under irrigation, for 
the rainfall in the best areas is too irregular. 

Irrigation is also essential for citrus-growing throughout South Africa ; 
water is essential from the first blossoming, and the trees require very large 
quantities. As the orange takes about nine months to mature from the time 
of blossoming, it will be seen that even if the summer rain is good, the need 
for irrigation in spring and autumn remains (Davis, p. 27). Citrus-growing is 
important throughout the coast zone in Cape Colony, in the Upper Sunday 
valley around Graaf Reinet, and in central and northern Transvaal. 

The growing of irrigation wheat is not important in South Africa. Where 
irrigation is available, lucerne, tobacco, and citrus afford more profitable crops 
except in a few cases far from the railways; while elsewhere the far greater 
ease with which maize can be grown inhibits any tendency to develop irrigation 
for wheat-growing. 

The future development of irrigation in South Africa is closely linked to 
the development of the stock industry ; and lucerne, both as a pasture and a 
hay crop, together with oats and roots, will provide the necessary supplement 
to the poor veldt vegetation. Except in favoured areas with good rail con- 
nections which can grow tobacco, citrus, and other fruits with great advantage, 
the supplying of assured forage crops for stock of all kinds is and will be the 
chief réle of irrigation agriculture. 

The map showing the distribution of irrigation schemes in South Africa 
(Fig. 1) has been compiled from data given in the Annual Reports of the 
Director of Irrigation and in the Official Year-Book, No. 5, 1923. The 
scale of the symbols is greatly exaggerated in relation to that of the map. 
The areas shown are those of “‘ area to be rated for each scheme ’”’—the whole 
of which is not necessarily irrigated. The 15-inch isohyet is inserted according 
to the map of the annual average rainfall of South Africa drawn by the Meteoro- 
logical Office, Pretoria, for the Official Year-Book, No. 5, p. 52. The map 
showing the distribution of irrigation works in relation to ostrich-farming 
and lucerne-growing areas has been compiled from sketch-maps published in 
the Fournal of the Department of Agriculture, vol. 8, pp. 169 and 239. 
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URING the last eight years the study of Isostasy has been advanced in 

three ways: by new gravity observations with improved instruments ; 

by more critical interpretation of the observations; and by extended discussion 
of the geological implications of Isostasy. 

To the first of these advances the largest of the works under review bears 
witness (1). Major Bowie has continued and extended the work of his pre- 
decessor Hayford on the U.S. Geodetic Survey, and is able to claim that the 
truth of the theory of Isostasy is more firmly established than before. This 
publication contains descriptions and illustrations of the improved instruments 
used in gravity-determinations, but the greater part of it consists of elaborate 
tables of the results of those determinations. A later and smaller publication 
(2) is of much more general interest, as it contains an admirable statement of 
the theory of Isostasy, starting with first principles and leading up gradually 
to the latest deductions. It may be recommended to all who find a difficulty 
in understanding exactly what Isostasy means. 

The most important general result that emerges from these later researches 
in North America is that the distribution of ‘‘ residual anomalies ”’ is no longer 
meaningless, as it appeared to be on Hayford’s map, but is shown to have a 
definite relation to the local geology. Here we see the second line of advance. 

There have been two schools of thought on Isostasy. The one, of which the 
late Joseph Barrell was the most brilliant exponent, believed in a relatively 
strong earth-crust, capable of resisting to a great extent the stresses set up by 
disturbance of isostasy. Eight years ago this school seemed in the ascendant, 
or at least to be well able to maintain its thesis. The other school, represented 
by Hayford, Bowie, and Burrard, believes in a crust sufficiently weak to make 
isostatic adjustment easy. Thus Barrell argued that the accumulation of great 
masses of sediment in the deltas of Nile and Niger had not been followed by 
isostatic adjustment. His arguments were general, and there were no gravity- 
observations to appeal to. Bowie now shows from gravity-observations in the 
Mississippi delta that there, at least, there has been isostatic adjustment, though 
it is not complete. 

A much stronger point for the “ strong-crust ’’ school was the difference 
between the results of gravity-observations in the United States and in Northern 
India. The former region had been much less disturbed by earth-movements 
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in Miocene and Pliocene time than the latter, and while it appeared that 
isostasy was much less perfect in the latter the inference seemed obvious, that 
isostatic adjustment was a slow process needing whole geological periods for 
completion. This was the view held by Major Crosthwait in 1912, when he 
published his gravity-determinations for Northern India. It is to Sir Sidney 
Burrard that we owe the rectification of this mistake. In 1918 (5) he drew 
attention to an imperfection in the computations of gravity-anomalies. The 
actual observations had been corrected for topography (z.e. for the gravitative 
effect of masses of solid earth rising above sea-level) and they had been corrected 
for isostasy (z.e. for the deficiency of mass below, which, on the theory of 
isostasy, must exist to compensate the excess above), but they had not been 
corrected for the probable vertical distribution of density. Gilbert had pre- 
viously pointed out that varying distribution of density in depth might be 
enough to account for all the residual anomalies of Hayford’s map, but no 
possible allowance of a general kind could be made for this disturbing factor. 
Burrard now pointed out that, however ignorant as to this distribution we might 
be in general, in particular cases it was certain that thick masses of deposit 
of relatively low density existed near the surface. This was especially the 
case in the Indo-Gangetic plain with its great accumulation of recent sediments. 
On correcting the Indian results for this mass of low density, the anomalies 
were greatly reduced. This idea has now been taken up in America, where the 
anomalies were far smaller than in India, and Bowie now finds that negative 
anomalies occur in areas of Cainozoic sediments, while positive anomalies are 
associated with masses of ancient crystalline rocks, relatively heavy. Dr. 
David White works out this relation of gravity-anomalies to local geology in 
great fullness in his recent presidential address to the Geological Society of 
America (6). 

Taken in conjunction with Nansen’s observations on the strand-flat in high 
latitudes (reviewed in this Fournal, August 1923, vol. 62, p. 149), these 
investigations may be said to give the victory to the ‘‘ weak-crust ”’ school. 
Two incidental results may be noted: Bowie now places the probable “‘ depth 
of compensation” at 60 miles (96 km.), rather less than Hayford’s figure, 
and he regards the minimum area that may be in independent equilibrium 
as probably less than 200 miles square, and possibly less than 100 (Nansen’s 
estimate is similar or, if anything, even smaller). 

Side by side with these advances in observation and interpretation there 
has been much discussion on the relation of geological processes to isostasy. 
This discussion is too scattered to be adequately reviewed, but an unofficial 
paper by Major Bowie (3) raises most of the burning questions. It is clear 
that the processes of erosion and sedimentation tend to level all inequalities of 
the Earth’s surface, and that consequent isostatic adjustment tends greatly 
to delay this process of levelling, but only to delay it. What then is the nature 
of the process that from time to time has raised up new inequalities such as 
the great mountain chains? A generation back most geologists would have 
said that it was the wrinkling of the Earth’s crust as it adjusted itself to the 
shrinking nucleus within. This conception of a crust distinguished from a 
nucleus not as being colder (its deeper layers being hot) but as being in thermal 
equilibrium, losing heat as fast as it receives it from the nucleus which, on the 
other hand, is cooling and contracting, is a perfectly sound conception, and 
Major Bowie does not appear to do it justice in his criticism. How far the 
existence of radioactive minerals affects this conception need not be discussed, 
for it is now generally agreed that as an explanation of mountain ranges it 
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is inadequate. Suess improved the original form of this theory by his concep- 
tion of rigid continental blocks which, as they settled down on the contracting 
interior, crumpled up the sea-bottoms on their margins into high mountain 
chains. This view has in turn been improved upon by Wegener, to whom the 
movement of the continental blocks has nothing to do with a contracting 
nucleus, but is a purely lateral movement resulting from certain terrestrial 
stresses. But whatever general theory geologists accept, or if they have none, 
they are nearly all in agreement that mountain chains have arisen by lateral 
compression. 

It is here that at present geodesists tend to differ fundamentally from 
geologists. The former incline to the view that the first characteristic of a 
mountain is its elevation, and that the folding of its strata is a secondary matter. 
How then is elevation to be explained ? The answer has been found in a pro- 
cess which is essentially one of explosion, or, in Bowie’s more cautious terms, 
‘molecular changes which change the density and increase the volume ”’ of 
deep-seated rocks or rock-magmas. The possibility of such changes was 
recognized on the geological side by Dr. L. L. Fermor of the Geological Survey 
of India in 1913.* Certain minerals of deep-seated origin, such as garnet 
or diamond, have their atoms more closely packed than the corresponding 
minerals of more superficial origin, such as felspar or graphite. The difference 
of volume may be between I0 and 20 per cent., and the “‘ explosion ”’ of a suffi- 
cient quantity of the deeper layers of the crust might conceivably suffice to 
elevate the Himalayas. Bowie suggests that a small upheaval started in this 
way may continue with cumulative effect as denudation diminishes pressure. 
But what can be the initial stimulus to explosion ? Not diminished pressure, 
since it is universally agreed that mountain-building occurs in areas where 
there has been thick sedimentation. Bowie finds it in the rise of the isogeo- 
therms resulting from that sedimentation. This principle was the basis of 
Mellard Reade’s theory of mountain-building, but he considered simple thermal 
expansion as adequate, which it certainly is not. Rising isogeotherms initiating 
explosion are a different proposition, which deserves the most careful con- 
sideration from both the physical and geological points of view. To quote 
Bowie, ‘‘the critical temperature at which molecular expansion occurs is 
reached at different times in different places, and the resulting uplift is very 
irregular. . . . During this irregular expansion the sedimentary strata become 
greatly distorted. . . As one area is moved to a greater elevation than 
another, the gravitative stresses may . . . force material along inclined or 
even horizontal directions.”’ 

This conception of vertical elevation as the primary process in mountain- 
formation, with folding and thrusting as secondary features, has certainly been 
gaining some ground among geologists of late, and was strongly championed 
by Mr. R. D. Oldham in his presidential address to the Geological Society 
in 1921. It is a reversion to the geological ideas of a century back, with 
modifications. Considerable difficulties present themselves, however. Geo- 
logists have long recognized two distinct types of elevation: the fold-mountain 
and the high plateau, and have distinguished the processes from which they 
result as orogenic and epeirogenic respectively. In the former there is ample 
evidence of great horizontal and quasi-horizontal movements, while the latter 
are so free from any traces of former tangential stresses that one school of 
geologists has preferred to regard them as not elevated at all, but simply left 


* “Preliminary Note on Garnet as a Geological Barometer,’ Rec. Geol. Surv 
Jndia,“43 (1913), pp. 41-47. 
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in their original place by the subsidence of their surroundings. Such an 
interpretation of plateaux involves so great a demand upon a contracting 
interior that few will accept it without hesitation, and it certainly does not 
harmonize with Major Bowie’s views. He is therefore confronted with the 
difficulty of explaining how the same processes of elevation can be carried 
through in one case without the development of horizontal stresses, and in 
another with their development on an enormous scale. 

Following on the pioneer work of Heim on the structure of the Alps, 
that of Suess and the Vienna school, of Bertrand, Haug, Kilian, Termier, 
and other French geologists, of Schardt and Lugeon, Argand and Staub 
and others in Switzerland, has gradually brought the enormously complex 
structure into order and unity ; but it has done nothing to diminish the import- 
ance of horizontal movement in the building of the Alps. On the contrary, 
it has greatly increased it, and the conception of the origin of that great 
mountain chain now generally accepted among geologists, is that of an old 
geosyncline—a sea-bottom with its accumulated sediments—compressed 
between the rigid masses of Eurasia and Africa as between the jaws of a vice. 
This conception fits in with the views of Prof. Wegener on continental drift, 
and there is nothing in it necessarily opposed to the principle of Isostasy. A 
crushed-up mass of relatively light rock would, after isostatic adjustment, still 
stand high above the level of the rigid continental blocks between which it was 
crushed, only it would be like an iceberg, far more of it than was visible dis- 
placing the heavier sub-crust on which it floated. In other words, Osmond 
Fisher’s conception of mountain “‘ roots ”’ is necessary to a reconciliation of the 
lateral-compression theory of mountains with Isostasy. Bowie (4) subjects 
this “‘ roots” theory to a gravity test, and finds that gravity-anomalies do not 
vary sensibly with altitude, as he argues they should do if mountains had roots. 
It is not clear, however, whether his tests were made on mountains of Alpine 
type. If they were, then we have apparently reached a deadlock. 

Any one who has studied the disposition of the Alpine ‘‘ nappes ”’ as they 
would appear had they escaped denudation, and compared them with the 
revelation of undisturbed horizontal sediments in the Grand Cajfion of Utah, 
will find it difficult to believe that these two utterly different types of structure 
can be due to the same direct force of elevation. If ‘‘ explosion. ’’ be accepted 
as an adequate explanation of either of them, some different explanation must 
be found for the other. 

If we grant explosion as a possible explanation of elevations, how can we 
account for depressions ? Is the explosive process reversible ? _ Bowie believes 
that it is, that when the isogeotherms sink and temperature falls below the 
critical point, without any increase of pressure, there is an ‘‘ implosion,” if such 
a term be permissible—a closer packing of atoms in the mineral molecules, a 
great shrinkage of volumes which may depress a land surface below sea-level. 
It is for physicists to decide whether this is possible. If it is, then the greatest 
geological difficulties to the theory of isostasy may be on the way to solution. 
For the formation of new depressions is the fact in geological history most 
difficult to account for without controverting the principle of isostasy. Once a 
depression is formed, there is less difficulty in accounting for its maintenance as 
a depression in spite of the accumulation of sediment in it. It is true that the 
careless explanation given by some geologists that the weight of a mass of 
sediment can suffice to depress the sea-floor to an extent equal to its own 
thickness is in contradiction to the first principles of hydrostatics. But if we 
grant that the sinking of the floor is not due simply to hydrostatic displace- 
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ment, but also in part to compression of deeper layers (in other words, to 
‘implosion ’’), then it may proceed Jari passu with the accumulation of 
sediment and the sea remain as deep as at first. But implosion in this case 
would be due to increased pressure, without any fall of temperature, or even in 
spite of a rise, since the isogeotherms would tend to rise as the sea-floor sank. 

At present we have great need of correlation between a number of distinct 
conceptions of the several shells of the Earth. There are the physical shells 
distinguished by Oldham and Knott from the behaviour of earthquake-waves ; 
the chemical distinction of Sia/, Sima and Nife, adapted by Wegener from 
Suess; the asthenosphere of Barrell; the shells above and below the ‘ depth of 
compensation ”’ of the geodesists ; and the ‘“‘infra-plutonic zone”’ of Fermor. 
How far any of these can be equated is difficult to say. Wegener places the 
depth of compensation at the junction of Sial and Sima; Bowie locates what 
we may term the explosive zone above the depth of compensation: it would 
therefore be within the Sial ; but Fermor regards his infra-plutonic zone, which 
is the explosive zone, as ‘‘ a continuous shell around the Earth.”” Does it then 
lie in the Sima under the oceans, but rise into the Sial under the continents ? 
and are its limits fixed by a critical pressure or by a critical temperature ? 
Clearly there is ample scope for future controversy, but at least the principle 
of Isostasy and the relative weakness of the Earth’s crust must now be common 
ground to all the disputants. 

A. Morey DAVIES. 


REVIEWS 
EUROPE 
A Human Geography of Cambridgeshire.— J. Jones. London: Sidgwick 
& Jackson, Ltd. 1924. 83 x 6}, Pp. viii. + 88. Maps and [ilustrations. 
4s. net. 
THE author’s aim in this book is to show how the principles of geography 
can be studied in a small area. Close attention to the home district of which 
the student has or can have personal experience is a good foundation fora 
wider outlook. From a physical foundation Mr. Jones builds his human 
geography, treating of lines of communication, towns, villages, parishes, and 
the distribution of occupation. The book is sound and lucid throughout and 
leaves little room for improvement. There is no attempt to overlabour the 
idea of physical control or to make sweeping generalizations. At the same 
time the treatment is coherent and escapes the pitfall of uncorrelated facts 
and scraps of general science. It is the kind of book which is much required in 
geographical teaching. Unfortunately, works of this kind are not available 
for many parts of the country. The black and white maps are excellent. 


Racial Realities in Europe.— Lothrop Stoddard. New York and London: 

Scribners. 1924. 84 x 54, pp. 260. 12s. 6d. 

This is a clever study of the present condition of Europe, and the causes 
that have brought it about. It seeks to explain the varied political and social 
condition of its different states, as, e.g., the stability of Scandinavia and Britain, 
and the unsettled, dangerous position of the eastern states in terms of Race 
and Nationality. Nationality, says the author, is merely a state of mind, 
Race is a fact. Race is of much greater importance than Nationality in 
determining the course of life ; for environment can only bring out the qualities 
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that are inherited. Races differ not only in outward appearance, but also in 
mind, temperament, and capacity. The force of his argument depends on the 
acceptance of the reality and distribution of the three, now largely accepted, 
European races, the Nordic, Alpine, and Mediterranean, and the qualities 
he attributes to them. It is these much more than environment, geographical 
or social, that have determined the present condition and distribution of the 
peoples of Europe. The superiority of the Nordics in the realms of govern- 
ment and common sense is constantly dwelt on. They are the superior race, 
the apostles of Evolution as opposed to Revolution. Their disappearance or 
diminution is a world-wide calamity. France is being affected by the continuous 
increase of the Alpine constituent of her mixed population, separating more 
and more the Nordic north from the Mediterranean south. Southern Italy 
compares unfavourably with the northern part of that country because of the 
inferiority of its population racially, having none of the Nordic strain still 
traceable in the valley of the Po. The Balkan flux is due to the peculiar 
character of that complex racial medley, the Balkan peoples, shown not only 
in foreign policy, but also in their domestic affairs. Greece may still feel her- 
self to be the special heir of Hellas, but is much more moved by the “ Great 
Idea,” the restoration of the Byzantine Empire with a Greek Government at 
Constantinople. The great mass of the Russian people have an Alpine basis, 
the Nordic element entering only into the population of Great Russia, and 
pure Nordics are rare except among the upper classes. The Russian people 
have never been Westernized, there has never been more than a veneer of 
Western civilization imposed by the ruling caste. The sluggish, stolid, im- 
mobile peasant, so largely of Alpine race, submitted to an Imperial despotism, 
and when this was broken up by the Great War Russia merely changed tyrants 
by bowing before the Soviet 7égime. 

Amidst the pessimism, disturbed conditions, and national jealousies there 
is a new factor which inspires hope of solving the serious problems confronting 
Europe. It is the spread of exact knowledge, inspired with the scientific spirit. 
Scientific knowledge, hitherto employed mainly in material discoveries and 
mechanical inventions, must be increasingly applied to our institutions, to 
ourselves : we must interpret history racially. 

The author concludes by pointing the moral of America’s recent immigra- 
ion laws. They are necessary if the predominant superior Nordic strain of 
the population of the United States is to be preserved from being swamped 
by inferior races from Southern and Eastern Europe and other parts of the 
World. 

Whether Anthropology has yet given us a knowledge of the Races of Man 
so sure and certain as the author assumes, may seem doubtful to those who 
have most concerned themselves with the study of that science. Yet they will 
admit that he is on the right track, and will hope that his efforts may lead to a 
fuller consideration and study of the most important problems that can engage 
the attention of mankind. B.A. FP. 


ASIA 


First List of Names in Palestine.— Published for the Permanent Committee 
on Geographical Names by the Royal Geographical Society. February 
1925. 9$ X 6, pp. 12. 6d. net. 


This, the most recent publication of the Permanent Committee on Geo- 
graphical Names, is perhaps the most interesting of all their Lists; for the 
remarkable history of this little country is reflected in its place-names, We 
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find, first of all, the ancient Hebrew names, Ashkelon, Beersheba, etc., in the 
familiar forms which it would be pedantic to alter to the more accurately 
transliterated Ashqélén, Béérsheva‘, etc. Incidentally we learn that the J, 
which so frequently begins a name in our Bible, is no J at all, but a Y; and 
we should strictly speak of Yériishalayim, Yérih6, Yardén. Secondly, more 
or less disguised in the modern Arabic forms, we find names of Greek and 
Latin origin. Such are Nablus and El Fandaqiimiye, which conceal the 
Greek Neapolis and Pentakomia, and Qalinye and El Lajjiin, which are 
simply the Latin Colonia and Legio. Czesarea and Tiberias keep the names 
they received from imperial Rome; while Gaza and Lydda are Greco-Latin 
forms derived from the Semitic. Then there is even a legacy from the 
Crusaders, the Arabic Sinjil being nothing else but the French Saint Gilles. 
They were also responsible for turning the Hebrew ‘Akké (Accho in the Bible) 
into Acre, the Knights Hospitallers in the thirteenth century calling their 
foundation St. Jean d’Acre. Past, present, and indeed future history meet 
in the name of Megiddo. This is the title officially given to the decisive battles 
of September 1918, though the actual site of the ancient town is uncertain ; 
and the Mountain (Har) of Megiddo is the “‘ place called in the Hebrew tongue 
Armageddon ” (Rev. xvi. 16). 

The great majority of the names are Arabic, often based on the older 
Hebrew. It must be remembered that both languages belong to the Semitic 
group; the Arabic ‘Ain and Beit are not mere transliterations of the Hebrew 
‘Ein and Beith (the En and Beth of our Bible), but bear the same relationship 
to them as English Well and House bear to German Quelle and Haus. 

The latest phase in Palestinian nomenclature is the revival of Hebrew 
for names of Jewish colonies. It is chiefly the inclusion of these that makes 
this List an advance on the great Name-Lists Volume of the Survey of Western 
Palestine, which, however, must still remain the authority for countless small 
places that could not usefully be included in a small pamphlet. We notice 
that the P.G.G.N. List introduces certain new spellings, apart from the use of 
the letter Q, which is here employed for the guttural K both in Arabic and 
Hebrew. For example, the oft-recurring Khurbet and Kefr of the Survey 
become Khirbet and Kufr in the new List ; but, as we are told that the latter 
has been corrected by special Arabic and Hebrew subcommittees in Palestine, 
we must accept it as the better authority. 


A Handbook for Travellers in India, Burma, and Ceylon.— London: John 
Murray. 1924. 7 X 44, pp. clvi. +728. Lighty-five Maps and Plans. 
245. net. 

For the serious tourist in India Murray’s Guide is indispensable. In the 
present (eleventh) edition, under the careful and conscientious editorship of 
Sir John Cumming, the improvement that the publishers have consistently 
endeavoured to secure in each successive edition is fully maintained; the 
results of recent archeological research, so far as is consistent with the purpose 
of the book, are incorporated, and information is given which enables use to 
be made of the increased facilities for motor travel. Yet there is still some room 
for improvement, and the following criticisms are made in no carping spirit, 
but as indicating certain directions in which we think further revision desirable. 

It is obviously impossible for an editor to be responsible for every detail 
in a guide-book to so vast a country as India. Much reliance must be placed 
on persons with local knowledge, and the standard of this and its character 
must vary. But a definite plan as to the kind of information to be given is 
desirable, and such is not always traceable, For example, the references to 
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climate are unsystematic. Bombay has a section on climate; Calcutta and 

Madras have not ; and so in other cases. Sometimes the area and population 

of districts are given ; sometimes not. Actual topographical mistakes are rare. 

The route from the Lidar Valley to the Sind Valley in Kashmir is said to lead 

to “‘ Sakwas or Surphraw.” Sakwas (Sekiwas) is not in the Sind Valley, and 

the more usual route leads wid Sekiwas to Kulan. The easy and common 

expedition to the Kolahoi glacier at the head of the Lidar Valley is not men- 

tioned. The route to the Amarnath Cave is recommended only to “‘ experienced 
mountaineers.’ It presents no difficulty to good walkers, and a pony can be 

taken. The journey from Darjeeling to Phalut is inconsistently described as 

one “for a good rider, or strong Alpine climber.” The spelling of names 

should be consistent. On p. 484 are found Partapgad and Pratapgad, and 

on the accompanying map Partabgarh. On p. 530 is Halebid; on the next 

page, Hallabid. The better-known spellings best suit the tourist. In the 
text of the Kashmir section are found Pahalgam, Pandrenthan, Verinag, { 
Payar, and Surphraw, which appear in the map supplied as Pailgam (Pahlgam), 

Pandrathan, Vernag, Payech, and Suphrar (Sura Pharao), the more usual 

spellings. The well-known Kashmir boat, the dunga or doonga is spelt donga. 

Arore and Carwar are other instances of spellings no longer current. 

A careful reading of the text by a sub-editor who did not know India would 
probably lead to the elimination of much redundant matter, and of information 
and allusions useless or unintelligible to the ordinary tourist. For example: 
“‘ Biwani with 33,270 people chiefly Hindus,” ‘‘ Many important trees and 
plants flourish,” ‘‘ The Maharaja of ——, the descendant of a Punjab Khatri,” 
“The fort (Larkana) served in the time of the Talpurs as an arsenal, but has 
now disappeared,” ‘‘ Bodies of mounted robbers—Bugtis, Dombkis, Burdis, 
or Marris, swept the plains.” On p. 292, speaking of Kurukshetra, we have in 
one place “‘ Here . . . the ancient Aryans . . . made their first settlement 
in India and started the Hindu religion,” and elsewhere on the same page, 
‘“‘the first permanent home of the Aryans in India, and the spot in which 
their religion took shape’: one of the statements being doubtless an accidental 
survival from an earlier edition. Some additions to the Introduction might 
usefully be made. There is no reference to the meteorological and geological 
maps supplied, and there is no orographical map. Such large areas in India 
belong to the same geological formation, and the great natural divisions of the 
country are so clearly marked, that a general account of the relations between 
relief and geological structure and the scenery would add to the interest of 
travel. So would also some notice of the different types of humanity to be met 
with. And a short description of the distribution of the more important 
forest trees would made a returned tourist less likely to describe the journey 
to Darjeeling as being through forests of teak. or the boats of the Malabar coast 
as being built of Sal wood. 

A list of the significant suffixes most commonly occurring in place-names, 
such as Jur, garh, abad, etc., and of other interesting components of place- 
names such as “iru, nath, parbat, etc., would increase the usefulness of the 
introductory matter. W. H. A. W. 


Japan from Within.— J. Ingram Bryan, M.A., M.Litt., Ph.D., etc. London: 
9} x 54& Co. 1924. 9 X 6, pp. 288. illustrations. 155. net. 

The volume before us is on similar lines to A. W. Pooley’s ‘ Japan at the 
Cross-Roads’ and R. P. Porter’s ‘Japan the New World-Power,’ though the 
attitude adopted is different. For while the former, though ably written, was 
unfortunately coloured by the strained relations between the author and the 
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Japanese Government, the latter was quite frankly an effort at friendly propa- 
ganda in which nearly all the Japanese geese were pictured as swans. In 
Dr. Bryan’s book we have a more dispassionate account of his subject which 
is “ An inquiry into the political, commercial, financial, agricultural, arma- 
mental (séc) and educational conditions of modern Japan.” 

While the style is less attractive than that of the volumes referred to, the 
matter is more up to date and has the advantage of being based, as the author 
frequently reminds us, on a longer and, in some respects, more varied acquaint- 
ance with the country and its people. Thoughtful and sympathetic chapters 
set forth his views on Japan’s relationship to the rest of the Asiatic peoples 
and her claim to become the virtual leader of their millions in the future. Per- 
haps the suggestion that this is likely to become an accomplished fact pays 
too little heed to the undying dislike and distrust of Japan felt by the Chinese 
people, which greatly exceeds even that displayed towards the ‘nations of the 
West. To describe that attitude, not only on the part of China but also of ‘“‘a 
great part of Asia,” as “‘a mass of seething unrest and growing animosity 
against the white races”? appears to be an excessive statement. While it 
applies to many in high places, it does not describe the sentiments of the majority 
of the people as a whole, who only want to be left in peace to develop in the old 
ways. 

In the interesting chapter on the religious side of Japanese life, the im- 
portance of which as a factor influencing the character and outlook of the 
Japanese people is too often overlooked, due regard is paid to the part played 
by Confucianism in this respect. That even some of its sincerest adherents 
acknowledge its inadequacy as a spiritual factor is strikingly shown by the 
following instance. When Viscount Shibusawa, the great banker, philan- 
thropist, and reformer, was visiting the United States some years ago, he was 
asked by Mr. Wanamaker, with whose public aspirations his own had con- 
siderable kinship, ‘‘ What is your religion?’? The reply was, “I am a 
Confucianist.”” When thereupon Wanamaker inquired how he could believe 
in a religion which China had followed three thousand years without making 
any progress, Shibusawa replied that he could not answer the question ! 

The book is written in such a thoughtful spirit and displays so well-balanced 
and intelligent an appreciation of the main features of its subject, that we 
hope another edition will contain corrections of the very numerous errors in 
spelling of proper names, etc., which somewhat disfigure the text. Of the 
various inaccurate forms of the name surely ‘“‘ Hakkodate” is the most im- 
possible! ‘‘ Kibi Mabiki,” the famous military instructor of the eighth 
century, is evidently meant for Kibi no Mabi. And to speak of sericulture as 
a ‘‘ subsidiary occupation,” when it forms by far the most valuable source of 
the nation’s wealth, is seriously incorrect. Although Dr. Bryan makes no 
attempt to describe the physical features of the country on whose remarkable 
people they have exerted so great an influence, it would be useful if a good map 
of Japan proper could be included in future editions. 


Tidemarks : Some Records of a Journey to the Beaches of the Moluccas 
and the Forest of Malaya in 1923. H.M. Tomlinson. London: 
Cassell & Co., Ltd. 1924. 9 x 53, pp.311. Frontispiece. 125. 6d. net. 
Mr. H. M. Tomlinson is a traveller in impressions and no pedlar of know- 

ledge. “It looked like nothing but facts,” he wrote, when the skipper lent 

him a copy of ‘The Red Sea and Gulf of Aden Pilot.’ “ Who wants them? 

What are they for?” And although he found those facts sufficiently beguiling 

to keep him awake half the night, his book has little to do with anything but 
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his personal impressions of the Malay Islands, and it is by the manner in 
which he records them that he must stand or fall: he is content that the 
seeker after knowledge should turn to other writers for solid information about 
the seas and islands of which he writes. And although those who know the 
East will find nothing new in Mr. Tomlinson’s remarks on topics such as 
durians, leeches, or bathing with a dipper, and may be irritated by his mis- 
spelling of Malay words, nevertheless they can hardly fail to be captivated 
by the sheer artistry of the author’s prose. He is a craftsman of words who 
attempts to describe the indescribable—and succeeds, as few have succeeded 
before him. He sees things, familiar enough to others, with a new vision. 
“ Nothing is vulgar there, nothing crude,” he says of a visit to the Macassar 
fish market; “though there are many creatures which look terrifying, or 
instantaneous, or unnameably wicked, or are shaped and enamelled in a way 
which suggests that they escaped at midnight from the designs in the Chinese 
temple or an Oriental jeweller’s workshop. . . . The Italian jewellers of the 
Renaissance never approached the easy opulence, the merry variety of ideas, 
and the wild ornamentation, which can be seen any bright morning on the 
slabs of that fish market of Celebes.” And even serious geographers will 
thank Mr. Tomlinson for his description of Celebes itself as ‘A bundle of 
peninsulas tied in the middle and flung anyhow on the ocean.” O. R. 


AMERICA 
On the Earthquake Line: Minor Adventures in Central America.— 

Morley Roberts. London: Arrowsmith. 1924. 9 x 54, pp. 310. //dus- 

trations, 155. net. 

It would be impossible for Morley Roberts to write an inept book. His 
observation is lively, his pen caustic, his memory of old paths of his sojourn- 
ing acutely ready for comparisons and contrasts; thus any record of incur- 
sions into regions hitherto unknown to him cannot fail to keep the reader’s 
attention, 

Yet such readers as are acquainted with those parts of Honduras, Guate- 
mala, Salvador, and Nicaragua dealt with in this volume will find their teeth 
set on edge now and again. It is true that a traveller often writes most 
interestingly when he comes fresh to his task, wielding a pen pointed by 
the innocence of his own new impressions. But he ought to discover the 
correct spelling of the place-names he mentions ; and he should, if he seeks 
oral information upon history, take the trouble to secure a decently accurate 
source. If he evades this task he invites the reproach of the sloven. As 
examples, although Mr. Roberts stayed twice, for periods of some days, near 
the Maya ruins of Quirigua, he never learnt the correct incidence of the 
accent on the final letter, persistently writing the word “ Quirigtia” ; he calls 
the beautiful guanacaste, finest shade tree in Central America, “ conicaste,”’ 
and to him the volcano of Acatenango is invariably “ Acatengo.” 

Nor is he happier in a rare incursion into history. He says that Antigua 
Guatemala was ‘overwhelmed by mud” from the Volcano de Agua, and that 
to-day the city, “with its great palaces, cathedral, and convents,” lies buried 
“beneath the mud, and little indeed of it remains for any to wonder at.” Can 
he really have visited Antigua? One can understand that he confused the 
legend of the ruin of the former city, Ciudad Vieja, in 1541, with the abandon- 
ment of Antigua in 1776, but one cannot understand why he failed to see a 
city of some twenty thousand people, quite unburied by anything, despite its 
splendid and romantic ruins of ecclesiastical buildings. The beauty and 
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charm of Guatemala, arresting, as a rule, to the most case-hardened traveller, 
seems to have made no appeal to Mr. Roberts ; he does not appear to have 
noted the costumes or physical types of the native races, and to him the 
music of the marimba was no more than a “ barbaric noise.” 

He preferred Guatemala’s neighbour, Salvador ; and passed on to a finca 
in Nicaragua, which he calls an “estancia,” a word never heard in Central 
America. Thence, after a visit, he returned by the way he had come, to the 
banana plantations of the north coast of Honduras, and so away. Froma 
view so limited no complete picture could be expected, and for that reason the 
author might have spared his moralizing upon and attempts to sum up the 
Central Americans, whose destiny he thinks is inevitably bound to fall under 
North American control. The reviewer does not feel equally certain. 

With all its lapses and inapposite divergences, the book is cheery and 
interesting. The author is frequently shrewd and witty, and dull pages are 
rare. The reviewer sympathizes with Mr. Roberts in his attempts to sketch 
Central American volcanoes ; this is exactly how one always does draw those 
astounding heads before experience teaches wisdom. L.. E. E. 


Adventures in Peru.w— L. H. Prodgers. London: John Lane. 1924. 

9 x 54, pp. xv. + 250. Jlustrated. 125s. 6d. 

Central and South America seem capable of supplying an almost un- 
limited store of romance, adventure, and travellers’ tales. Many recent books 
have been the result of short visits and superficial observation ; Mr. Prodgers, 
on the other hand, had a close acquaintance of many years’ duration with 
the country and especially with out-of-the-way spots. The claim made by 
his publishers, that “he was one of the most original and remarkable ex- 
plorers of our time,” can hardly be meant to be taken seriously. The secret 
of Mr. Prodgers’ attraction is that he makes no conscious attempt at effect. 
He gives his impressions of men and scenery from a new angle in a breezy 
conversational style. His yarns are not limited by his title; he relates his 
own experiences as a ship-breaker on the Island of Juan Fernandez and as 
an amateur excavator among Inca ruins, and fills his pages with anecdotes of 
the people he met during his varied career as railway engineer, prospector, 
stock exchange dealer, and race-horse trainer. Whatever its defects may be, 
his book is certainly not dull. 


The real ’round South America— Harman Black. London: Simkin, 
Marshall & Co., Ltd. 1924. 8 x 54,pp.x. + 244. J/é/ustrated. 108. 6d. net. 
The South American Tour.— Annie S. Peck. London: Hurst & Blackett, 

Ltd. New edn., 1924. 85 x 54, pp. xvi. + 379. Jilustrated. 18s. net. 
Casual Wanderings in Ecuador.— Blair Niles. London: John Long, Ltd. 

1923. Pp.x. +250. Jélustrated. 125. 6d. net. 

These books are representative of various common types of “travel”’ 
literature. Mr Black prides himself upon describing for the first time a new 
route through South America. His journey took him from New York to 
Callao by steamer, thence .by train and steamer to the eastern end of Lake 
Titicaca, then by train, with a connecting motor trip of 125 miles over the 
Andes, to Buenos Aires and on to Rio de Janeiro. His self-imposed time 
limit for the trip, out and back to New York, was fifty days, of which at least 
forty were spent on steamer and trains. The rest he spent in interviewing 
prominent men and sight-seeing. From this confession, which is made 
within the first few pages of the book, the reader will know what to expect, 
though it is only fair to add that it appears later on that Mr. Black had 
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previously spent a fortnight studying his itinerary, and that he diligently read 
Prescott whenever the opportunity offered. Miss Peck’s “ descriptive guide ” 
deals approximately with the same route. She recommends spending four 
months over it, though she admits that a whole year could profitably be 
employed. Besides describing each city in detail, she gives particulars or 
ccmmunications and hotels, as well as periodic sections on history. The 
illustrations of her book are in general superior to those of Mr. Black, which 
are often mere smudges. Mrs. Niles’ journeys were conducted more 
leisurely : she met the minor incidents of travel in the right spirit, undisturbed 
by the prospect, which was always haunting Mr. Black, that somewhere a 
connection would be missed. She went to Ecuador in search of romance, and 
despite the advice, brief and to the point, of her friends who knew the country. 
From Guayaquil she travelled past Chimborazo through Quito and Banos to 
the eastern slopes of the Andes, where she met Indians from the Amazon 
basin. Throughout she was particularly interested in the people encountered. 
She notes the absence of all racial antagonism, and emphasizes the continuity 
of Ecuador’s history from pre-Spanish times—a new background to South 
American life. The illustrations are good. 


POLAR REGIONS 
British (‘Terra Nova’’) Antarctic Expedition, 1910-1913. Physiography. 

(i.) Ross Archipelago, by F. Debenham; pp. xiii. + 40. (ii.) Beardmore 

Glacier Region, by C. S. Wright; pp. vii. + 25. (iii.) Robertson Bay and 

Terra Nova Bay Regions, by R. E. Priestley; pp. x.+87. London: 

Harrison & Sons. 1923. 12} X 9}, pp. xiii. + 40, vii. + 25, x. + 87. 

5S., 58., 78. Od. net. 

In discussing these three contributions to Antarctic physiography it should 
be mentioned that a larger Memoir on the Physiography had previously 
appeared, the work of Prof. T. Griffith Taylor, official Physiographer to the 
Expedition. The present three memoirs are merely intended to supplement 
that written by Prof. Taylor. They represent work done after his return 
from the Antarctic, and, as their titles indicate, deal in detail with regions which 
he was unable to visit himself. Throughout, the reader is assumed to be 
familiar with Prof. Taylor’s work ; should this not be so, there will probably 
be some difficulty in appreciating the references to such matters as the 
‘* palimpsest theory ’’ and cwm erosion. 

Mr. Debenham writes easily and fluently about the glaciated volcanoes of 
Ross Island. His ascent of Mount Erebus provided him with a much larger 
amount of detail than had previously been obtained, and it is on this basis that 
he is able to explain the form and history of the mountain and to show how its 
peculiarities can be traced to the viscous and tenacious nature of kenyte lava. 
The other mountains and islands of the Archipelago are treated at less length. 
The essay is a finished and useful production, and ends with what appears to 
be a very important conclusion. Prof. David and Mr. Priestley have published 
a map which shows fault lines running through the volcanic vents and con- 
nected with the main tectonic faults. For this Mr. Debenham proposes to 
substitute two main centres, at Mount Erebus and Mount Discovery respectively, 
with the other volcanic sites lying on lines radiating from these two centres. 

Mr. Wright’s and Mr. Priestley’s memoirs have this in common, that both 
authors were anxious, if possible, to showthat the present topography of Victoria 
Land could be ascribed to glacial work pure and simple. Neither, however, 
is able fully to maintain this position. Mr. Wright holds in the end that glacial 
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erosion is alone responsible for what he saw, but gives his preference to ice 
overflows from the interior rather than to cwm recession. The initiation of 
the Beardmore Glacier is considered to be due to a line of faulting ; the evidence 
for this view is brought forward in detail, but would have been much clearer 
had there been a small geological map attached to the memoir. The problem 
of a big and broad glacier such as the Beardmore is an extremely difficult one, 
but the author without previous training in physiography has succeeded in 
marshalling the facts so far as they are known. 

Mr. Priestley holds the view that cwm erosion is a powerful factor in pro- 
ducing certain features, for instance, of the Admiralty Range as seen to-day, 
but that alone it is not sufficient. On p. 20 he states, “‘ there was no mature 
stream topography here when the Ice Age set in . . .; there is, however, here 
and there, quite a suggestion of young modified river valleys.’”’ His main 
conclusions are stated on pages 75-77. In discussing the big outlet valleys of 
Victoria Land he says, “It is the writer’s considered opinion that after a 
certain stage in the history of a cwm glacier, if erosion is to continue at all, 
it must be by virtue of the movement of the ice of the glacier . . . overflooding 
by ice from without and above the cwm and consequent quicker movement, 
accompanied by planing and plucking. . . . Such a process does not, however, 
seem adequate to account for the great through valleys which transect the 
Antarctic horst. . . . It must be confessed that these are best explained by, 
indeed the only satisfactory explanation seems to be, the pre-existence of 
certain natural drainage lines. . . . Such drainage lines are likely to be 
afforded by other means of erosion working along lines of structural weakness.”’ 
Mr. Priestley’s conclusions are therefore perfectly definite and clear in that he 
considers the present-day topography of Antarctica was mainly due to normal 
glacier erosion acting on a previous stream topography. His long experience 
of Antarctic ice gives his opinion additional weight. In the present case he has 
developed his views clearly and forcefully. There is room for criticism in 
matter of detail, but this memoir should stand as a most important contribu- 
tion to the whole problem of ice erosion. Ae ie 


British (‘Terra Nova’’) Antarctic Expedition, 1910-1913. Report on the 
Maps and Surveys.— F. Debenham, 0.B.E.,M.A. London: Harrison & 
Sons. 1923. 124 X 9}. 10s. net. 

The Map Memoir of Scott’s Last Expedition deserves very high praise. 
Mr. Debenham as geologist had been himself responsible for various small 
parts of the survey, and was well fitted, therefore, to carry out work which had 
been originally entrusted to Lieuts. Rennick and Pennell, both of whom lost 
their lives in the War. The outstanding merits of the memoir are the descrip- 
tion of the various instruments used and their adaptation to Polar conditions, 
the critical discussion of the various maps, fourteen in number, and a final 
chapter dealing with survey work in the future. 

In discussing the various charts Mr. Debenham has always in mind future 
expeditions and whaling voyages to the Ross Sea. The essential and important 
facts are in every case strongly emphasized ; the probable accuracies of each 
chart are definitely stated ; and details of anchorages and movements of pack 
are carefully described. These features give the memoir an extremely practical 
value. The land maps have also been constructed in order to help future 
sledging parties. Badly crevassed areas, for instance, are clearly indicated ; 
as a case in point, the map of the Beardmore Glacier has marked on it what 
is considered to be the best sledging route in order to avoid misadventures of 
the past. Attention may also be drawn to the discussion of Scott’s and 
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Amundsen’s locations of the Pole, in which the relative merits of sextant and 
theodolite come in for criticism. 

In the closing chapter Mr. Debenham is at pains to supply future travellers 
with all the benefit of his own experience, and in particular emphasizes most 
strongly the need for plane-tabling and photogrammetric methods. The 
Terra Nova had no plane-tables in her equipment, but Mr. Debenham devised 
one of his own which proved fairly adequate. He is to be congratulated on 
planning and carrying out a plane-table survey of the north coast of Ross 
Island from the ship’s deck on a time-scale basis. This we think must be almost 
a unique experience. The memoir ends with a plan for measuring an arc of 
meridian in Antarctica. That the project is a practicable one will be generally 
recognized, and its attainment is more than probable now that the Ross Sea 
is annually visited by whaling expeditions. J. M. W. 


HUMAN AND HISTORICAL GEOGRAPHY 
The Races of Man, and their Distribution A.C. Haddon. Cambridge 

University Press. 1924. 74 X 54, pp. 192. Jllustrations. 

This little book is a new, rewritten, edition of that published in 1909. Dr. 
Haddon largely disarms criticism by his admission in the Preface that the 
work must necessarily be open to grave criticism from several points of view, 
and that he has “‘ not hesitated to make generalizations often perhaps on but 
slender grounds.” In these last-quoted words he has undoubtedly mentioned 
a weakness which occurs in the detailed description of the peoples of the world 
according to their geographical distribution in Africa, Europe, Asia, Oceania, 
and America that fills two-thirds of the book. Although Dr. Haddon appears 
to have some doubt as to the value of the Cephalic Index—for he says it does 
not give any real indication of the shape of the head, which is certainly of more 
importance than the index—yet he makes great use of it, employing it for the 
main subdivisions of his classification (based primarily on the Hair), involving 
such expressions as dolicho-mesocephalic strain,’’ ‘‘ mesobrachycephalic,” 
and identifying in one small district ‘two types of brachycephals, and four 
types of mesocephals who for the sake of contrast have been called dolicho- 
cephalic,” and “‘ the mesocephalic people . . . appear to have been tall and 
dolichocephalic.”” These examples of uncertainty emphasize the disrepute 
into which great reliance on the Cephalic Index has fallen. The detailed and 
very condensed account of the peoples of the five great divisions of the world, 
and the inferences drawn, often raise inquiry as to the amount and character 
of the evidence on which they rest. No references for the facts stated are given, 
the reader being referred to the Bibliography at the end of the book for the 
authorities. The author would have made his book of supreme value if he 
had given detailed references to the works from which his great array of facts 
has been taken. One of the present-day weaknesses of anthropology is un- 
doubtedly the temptation, too often succumbed to, of generalizing on sur- 
prisingly few facts, sometimes on most scrappy evidence. The student, and 
still more the general reader, is consequently at times led to believe that our 
knowledge is much greater and more certain than it actually is. 

The book concludes with a general summary which is of considerable 
interest, for in it Dr. Haddon puts forward a tentative scheme for which he 
asks criticism. He here starts with a statement that will be welcomed by all 
anthropologists who realize that there is a physiological as well as an anatomical 
side to the animal body, a fact often forgotten in the controversy regarding the 
inheritance of acquired characters. ‘‘ Whatever the physiological mechanism 
may have been,”’ he remarks, “ there seems to be good evidence that climatic 
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conditions have indirectly become impressed on the germ plasm so that definite 
responses have become heritable.’”’ He suggests that intermediate characters 
which often make classification so difficult may be due to the persistence of 
undifferentiated stocks, and not to racial mixture. There are various areas 
where such undifferentiated stocks may persist, Western A’sia being one. As 
regards the locus of the Origin of Man, after giving reasons for ruling out 
America, Africa, and Europe, he inclines to the opinion that the actual evolution 
of Man took place in Western Asia, “‘ possibly rather southernly than northernly, 
in which case the groups which remained to the south retained on the whole 
more primitive characters than those which migrated northernly.’’ This 
differentiation may have been determined by the mountain axis of the Himalayas 
and their western continuation, for we find the dark-skinned people confined 
to the south of the axis, and the lighter-skinned people to the north of it. This 
idea is elaborated, and both the discussion and the book end with the final 
conclusion ‘‘ that the evolution of the existing ‘ higher’ groups has not taken 
place fron existing, or even ancient, ‘lower’ groups, but that these main 
groups, so far as they are pure stocks, have arisen independently from a common 
unspecialized stock which I assume in far distant times to have originated in 
Western Asia.” 

The utility and importance of this little book may be insufficiently appre- 
ciated on account of its small and unpretentious form. But it may be said 
there are few works on the subject more to be commended to the student of 
anthropology and geography, and none the less for the useful Bibliography 
appended, which does not however include the interesting and original little 
book mentioned in the text (though there not attributed to the right author), 
Mr. Gilbert Slater’s ‘ The Dravidian Element in Indian Culture.’ 

GENERAL 
Hesketh Prichard, D.S.0., M.C.: A Memoir.— Eric Parker. London: 

T. Fisher Unwin, Ltd. 1924. 9 x 6, pp. 272. Jllustrations. 15s. net. 

The varied achievements of Hesketh Prichard, as traveller, hunter, cricketer, 
and writer, finally crowned by his great work for his country during the war, 
render him a fitting subject for a memoir of this kind. But to those who were 
privileged to know him well, what he did—though it was much—was altogether 
overshadowed by what he was. The external facts of his regrettably short 
career, interesting as they are, have already been made to a great extent 
accessible to the public through his own writings. Mr. Parker has realized 
this, and, while these facts are in no way neglected, he has concentrated on the 
far more difficult task of conveying to the reader those elusive qualities in which 
his hero’s greatness really consisted. He has succeeded brilliantly. The 
portrait is true in every detail, a living and breathing likeness, drawn with a 
rare insight and sympathy. All who knew Hesketh Prichard must realize 
keenly that he was “‘ still loftier than the world suspects,” but it is one thing 
to feel this and another to be able to express it as Mr. Parker has done. 

Even the earlier chapters, dealing with Prichard’s boyhood, have an interest 
which this portion of a biography usually lacks. For in this case it was 
peculiarly true that “the child was father to the man.’”’ The boy who at the 
age of thirteen used to hire a huge 8-bore gun for a daily or weekly payment 
is a perfectly recognizable figure to those who knew him in his maturer years. 
It is interesting to read that his schoolmasters noticed a tendency to dream, for, 
though as a man he hated and despised dreams and sentiment, one always 
felt that this dislike was what psychologists call, I believe, a “‘ suppression,” 
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and that there was, below the surface, for all his practical efficiency, a good deal 
of the dreamer in his composition. Indeed, he disciplined this characteristic 
to serve his ends, till it became that gift of imagination without which he could 
not have accomplished what he did. 

It was the same with the constitutional impatience which Mr. Parker 
notices. In spite of it, no obstacle was ever sufficient to deflect Hesketh 
Prichard from the purpose which he had in view, and which, as this book shows, 
he really never failed to achieve. Few men can ever have been so successful 
in obtaining all they set their hearts upon. He could be patient enough when 
it was desirable, and could inculcate the virtue in others. ‘‘ Patience I must 
preach, and again patience,”’ he writes at the beginning of his work as a sniping 
instructor in 1915. 

Mr. Parker has rightly allotted more space to this culminating stage of 
Prichard’s career than to his travels and his achievements in other fields. For 
in the account which he gave in ‘ Sniping in France,’ as Mr. Parker says, “ the 
central moving figure is often obscured or disguised,’ and, one might add, 
an unduly generous share of credit is sometimes ascribed to others. Here, 
at last, we have material allowing us to extimate the work done at its true 
value, and enabling us to realize also the magnitude of the obstacles overcome. 
Yet it must not be supposed that the topics in which the readers of this Fournal 
are likely to be most interested, the early travels, and the explorations in 
Haiti, Patagonia, and Labrador, are inadequately treated ; indeed, aspects 
which Prichard’s innate modesty obscured are here given the prominence to 
which they are entitled. 

There are a couple of slips in place-names: ‘ Nairn” (Labrador) should 
of course be Nain, and “‘ Fruen Islands ” (Norway) Fré Islands. One hesitates, 
however, to call attention to such trifles, in view of the remarkable excellence 
of the book as a whole. G. M. G-H. 


A Gipsy of the Horn.— R.Clements. London: Heath Cranton, Ltd. 1924. 
9 x 54, pp. 260. J/lustrations and Charts. cs. 6d. net. 


Mr. Basil Lubbock, who contributes a foreword to this book, describes it as 
a plain tale of the sea. That is all it is, but therein lies its charm. It is the 
narrative of a voyage made twenty years ago in a small barque which sailed 
from the Clyde for “the colonies” with a general cargo, loaded coal at 
Newcastle, N.S.W., for Callao, and then returned to Europe round the Horn 
with a cargo of nitrates. In those days scores of sailing ships made the 
journey round the world on much the same course, and more than one book 
has been written describing such a voyage. This is equal to the Lest of them, 
and gives a vivid picture of life on an ordinary well-found sailing vessel. If 
Mr. Clements fails in descriptive power he at least gets the atmosphere of the 
sea and the f’c’sle, as when the young apprentice was told that “there are no 
such things as tempests except in hymns and prayer-books.” “ Well, what 
would you call it?” “A hell of a dirty night.” In the glimpses of seaports 
there is nothing new, but one gets the sailor’s point of view, which is seldom 
the same as that of the landsman. ‘The book gives a true and spirited record 
of a phase of sea-life that is passing away. It will bring back almost forgotten 
memories to those who have had the good fortune to live through such 
experiences, and to those who know neither the sea from sailing ships nor the 
great empty sweep of the oceans its pages will be full of interest. 
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Round the World with! Rod and Rifle-— Major P. M. Stewart. London: 
T. Butterworth, 1924. 9} x 6, pp. 296. Jilustrations and diagrams. 
21s. net. 

In this book Major Stewart records his hunting and fishing experiences 
during the last twenty years in various parts of the world. His range of travel 
has been as wide as his interest in sport. From elephant hunting in Central 
Africa he passes to shark fishing in the Pacific, deer stalking in New Zealand, 
hippopotamus and crocodile shooting on the Zambezi, tarpon fishing in the Gulf 
of Mexico, and buck shooting in India. Other chapters treat of black buck 
in India, trout in New Zealand, buffalo in Rhodesia, lions and antelopes in 
Africa, salmon in Canada and Norway, and sword-fish on the coast of Florida. 
Besides the sporting adventures the book contains a great many interesting 
observations in natural history. Unlike so many books on hunting, this one 
recounts adventures briefly and modestly, with a happy absence of self- 
glorification. It impresses the reader as being the work of an author who has 
chosen wisely from a great amount of material. ‘The chapters on the less 
familiar kinds of fishing are particularly interesting. The illustrations are 
numerous and well produced, and include several photogravures after Mr. R. 
Caton Woodville. 


THE MONTHLY RECORD 
EUROPE 

Asciburgium on the Rhine in Early Times. 

IN Tacitus’ Germania there is a passage which speaks of Ulysses having 
visited the Rhine valley and in particular the town of Asciburgium. On 
this ancient town Dr. R. Hennig contributes a short article to Petermanns 
Mitteilungen, Heft 7/8, 1924, identifying its site with Asberg, near Mors, 
and giving some explanation of its apparent importance. In 1898 a Roman 
camp, mentioned elsewnere by Tacitus, was excavated here. Asberg, however, 
is some kilometres from the Rhine on the left bank, while Ptolemy places 
Asciburgium on the right bank, and Marcianus refers to it as the most 
north-westerly spot in Germany. These positions were thought to be mistaken, 
but the discrepancy can be explained by a change in the course of the Rhine 
to the east, which is supported by other evidence. Asciburgium signifies 
““ttschenburg,” and, according to Miillenhoff, was so called from its being a 
“* Schifferstatte.” There was undoubtedly some traffic on the Rhine during 
Cesar’s time. The importance of Asciburgium has been explained by 
J. Schneider in connection with the amber traffic between Marseilles and the 
amber islands off the Elbe. He held that in order to avoid the rapids and other 
obstacles in the Rhine below Bingen the traders left the river there and 
travelled overland through Wiesbaden, Siegburg, and Hilden, re-embarking 
at Asciburgium. Against this, Dr. Hennig argues that there was no reason 
why they should not have re-embarked much further up, where the Sieg joins 
the Rhine ; that the Moselle provided an alternative route of equal importance, 
which would have been impossible, if the dangerous portion of the Rhine 
referred to above extended below the Moselle; and finally that, once having 
set out on a land journey, the traders would have gone down the Ems valley, 
a route which would have considerably shortened the open sea voyage to the 
mouth of the Elbe. Dr. Hennig thinks that the place owed its importance to 
its economic situation apart from the amber trade. Placed at the point where 
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the Rhine’s course changes from north to west, it was accessible to the Gaulish 
merchants as well as to the Teutons from the south. The latter probably 
came down to it by boat, sold their goods or transhipped them to seagoing 
vessels, and selling their boats, returned by land. The course of the Rhine 
must have altered shortly before the coming of the Romans, and Asciburgium 
was then probably of declining importance. 


ASIA 
The Ward-Cawdor Expedition to Southern Tibet. 


In the ¥ournal for December 1924 we were able to give some details of 
the first stages of Capt. Kingdon Ward and Earl Cawdor’s journey in Tibet. 
We have now received a further account dated Gyamda, January 19. Before 
leaving Tumbatse, Capt. Kingdon Ward writes, three attempts to fix the peaks 
of the Salween—Tsangpo divide, previously referred to, were frustrated by the 
weather: “I spent one chilly night in October on a 15,000-foot hilltop, 
watching the snow congeal to ice on the theodolite, while I waited for a clear 
dawn ; but dawn was as thick as a London fog.’”” On October 11 they left 
Tumbatse for good, and crossed the Tsangpo to the Himalayan passes which 
they had previously visited. Having spent three weeks on the Doshong La, 
where in spite of the snow they collected many Alpine plants, they descended 
to Pemako on the other side. In November they again attempted to reach 
this place, this time over the Nam La, but soft snow thigh-deep, and constant 
snowstorms, kept them from venturing up the glacier. Capt. Ward was able 
to fix by resection the position of the pass, and of Temu Tse, the snow-peak 
between it and the Doshong La, and to make a plane-table sketch of the route 
from the Tsangpo and the lake. They then returned to Gyala for their main 
expedition, the descent of the Tsangpo to Gompo Ne on the part of the river 
not traced by Captains Morshead and Bailey in 1913. With some difficulty 
a guide and twenty-four porters, half of whom were women, were secured, 
and with very light outfits they left Gyala on November 16. After five days’ 
marching, they reached Pemakochung, and after another eight the narrowest 
part of the gorge with sheer cliffs hundreds of feet high on either side; here 
they were compelled to climb out. That evening Capt. Ward found the 
course of the Tsanpo broken by a waterfall, which he speaks of as the “ rain- 
bow fall”; unable to approach within 600 yards, he estimated its vertical drop 
at 40 feet. The climb on the next day was very strenuous, and it was followed 
by a drenching night on the hillside. On December 2 they crossed the ridge 
within the great bend of the Tsangpo and descended to Payi. Two further 
marches brought them to a rope bridge, 3 miles below the Po-Tsangpo con- 
fluence, by which they crossed and continued to Gompo Ne. The river-bed 
at the bridge was found by boiling-point to be 2239 feet below its level at the 
‘* rainbow fall.”” Leaving Gompo Ne, they then crossed the Po-Tsangpo and 
began to ascend the Tsangpo. After 2 miles however they were stopped by 
sheer cliffs, which the Ménbas said were impassable. After reconnoitring further, 
Capt. Kingdon Ward found a path, and saw a camp fire upon the opposite 
spur, also said to be inaccessible. After this the opposition gave way, and the 
journey was resumed. On the second day, from the crest of a ridge, they saw 
a long stretch of the river 4000 feet below. The following day Capt. Kingdon 
Ward descended to the river-bed in search of reported waterfalls. Here he 
found the river rushing through a narrow gorge with a fall of at least 100 feet 
in a quarter of a mile. At one point its course was interrupted by a ledge of 
rock, through a 10-foot breach in which the water foamed. Above this ledge 
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there were furious rapids—in 100 yards the river appeared to fall 60 feet—and 
below there was another vertical fall. Capt. Ward did not succeed in reaching 
this. On his return, by resection from another point, he found it possible to 
fix two conspicuous cliffs above the falls, and from three plane-table stations he 
was able to put in the course of the river round the big bend. Between 
Gyala and the confluence he had made twelve observations for altitude by 
boiling-point. 

The next stage lay up the Po-Tsangpo valley to Tonkyuk. After some 
delay through bad weather, they reached that place on December 26, and 
rejoined the party with the heavy baggage. Two days later they started for 
the Nambu La, hoping on the way to be able to fix some of the peaks in the 
divide by resection from the Himalayan peaks, but it began to snow hard, and 
after waiting for three days they were forced to continue. Marching through 
Shoga Dzong to Pungkar, they found that the pass to Atsa was closed by snow, 
so that they had to turn back and reach Gyamda by the Gyamda valley. As 
to the results of the expedition, Capt. Ward was naturally disappointed at being 
unable to fix the peaks of the Salween—Tsangpo divide, for some of which he 
had obtained names ; however, they had been able to endorse Major Bailey’s 
work in the Tsangpo gorge, and to add some further details; they had also 
straightened out the Gyamda river-system, and followed all the chief routes 
in Kingba. The horticultural and botanical work had also been very successful. 


Distribution of Population in China. 


The paper on the distribution of population in China, and its economic 
and political significance, read by Prof. P. M. Roxby before Section E of the 
British Association at Toronto, is reprinted in the Geographical Review, 
January 1925. The estimates of the population and the distributional maps 
have been taken from ‘ The Christian Occupation of China,’ published by the 
China Continuation Committee (see Fournal, 62, p. 46). Comparing these 
figures with a survey by the Chinese Post Office, it is estimated that the present 
population of China proper is about 400 millions. Both surveys agree as to 
the most densely peopled provinces—Kiangsu (approximately 870 to the square 
mile), Chekiang, Shantung, Honan, in that order. Prof. Roxby then divides 
China, provisionally, into 15 natural regions, and correlating these with the 
distributional map, he shows that the most densely populated areas are the 
central portion of the Great Plain of North China, the Yangtze delta from 
Nanking eastwards, and the Canton delta, all of them with a density of at least 
1000 per square mile. Then follow the Red Basin of Szechwan (where in the 
subregion of the Chengtu plain the density must reach 1700), the coastal 
fringe between the Yangtze and Canton deltas, and the basin of Hupeh. The 
population of China is characteristically rural. The distribution map of Cities 
of 100,000 and over shows them to be mainly concentrated along the coast, 
particularly in the Yangtze and Canton deltas, while densely populated Shan- 
tung has fewer great cities, and the province of Shansi not one of that size. 
With regard to the over-population menace, Prof. Roxby shows that, while 
parts of China could support a denser population, there exist ‘‘ super-saturated 
areas ” in the thickly peopled regions, where the problem could only be slightly 
alleviated by migration, improvement of irrigation works, communications, 
etc. In Szechwan, for example, in spite of fair conditions, the standard of life 
is below the average for China, and there can be little relief by emigration, 
owing to the comparative isolation of the region. The only solution appears 
to be the eradication from Chinese society of the ‘‘ excessive cult of the family,”’ 
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which may not unlikely be a result of the ‘‘ Chinese Renaissance.” Politically, 
the striking characteristic is, not the temporary disunion of the country, 
but its cultural union. The Mandarin language is used in writing over 
Northern and Central China, and there are signs that it will also establish itself 
in the south. The main obstacle to political union is the isolation, and conse- 
quent diversity of interests, of the great areas of population, the Yangtze delta, 
the Canton delta, Szechwan, the cities of the coast, etc. The completion of 
projected railway lines would provide the required bond, and further, in Prof. 
Roxby’s opinion, would make the claim of either Nanking or Wu Han to be 
the capital in place of Peking almost unanswerable. 


AFRICA 
Waterways of Madagascar. 


We have received, through the courtesy of the Foreign Office, a reprint 
of a report on “ Les voies fluviales et de navigation interieure 1 Madagascar,” 
by MM. Blosset and Rieul, from the Bulletin Economique, 1, 1924. This 
is the result of the first comprehensive inquiry into the navigability and potenti- 
alities of the waterways, undertaken as a means to the improvement of the 
economic condition of the island. The north-south central range of Mada- 
gascar separates the rivers into two classes. The eastern and more pre- 
cipitous slope runs nearer to the coast, and is exposed to the moisture-laden 
winds from the Indian Ocean: consequently the rivers are short, rapid, and 
liable to flood. At their mouths, the interaction of coral reefs, large quantities 
of alluvium, and currents has resulted in the formation of large lagoons fed by 
the rivers, with a restricted opening to the sea. These make a chain along the 
coast, separated from each other by the “‘ Pangalanes,” or headlands of the 
original coast-line. On the west the rivers are longer, and, when they have 
descended from the central plateau, more regular. Being sheltered from the 
rain-bearing winds they are liable to become low during the dry season, and 
to lose themselves in swamps. The report gives a table of all the rivers and 
their affluents, with total distances navigable by canoe, and the products of the 
districts traversed, followed by some account of each river. The longest 
river, the Betsiboka on the west side, is navigable by canoe for 245 km. From 
its source to Marololo, through the rapidity of its descent, it is useless. Below 
the plateau it spreads out widely, and as the surrounding strata are easily 
eroded, it is being progressively silted up. Boats with a capacity of 10 cu. m. can 
generally reach Marololo at all seasons. This is typical of the western rivers. 
The Ikopa, for example, is navigable for a short distance on the plateau near 
Tananariva, and a passenger service is maintained on its lower course. The 
traffic on these rivers consists of rice, maize, paddy, copra, and cattle. On the 
east coast, though their navigable length often does not exceed 25 km., the 
rivers are important as commercial routes through the greater richness of the 
country, which produces coffee, rubber, cocoa, sugar, etc. The district around 
the lower Ivondro is the centre of colonization of the island. The lake at the 
mouth of the Manakara is a fine natural harbour, the only safe one on the 
east coast, and is being developed. It will be seen that before these rivers of 
Madagascar can be made important trade arteries, much amelioration of their 
courses and regulation of their flow must be carried out. Onthe east coast the 
chain of lagoons has been made the basis of a canal system, the main work 
required being to cut through the Pangalanes. Competition from a railway 
hit the enterprise badly, and it is now in the hands of the Government. At 
present, a section of 40 km. to the north of Tamatave has been made capable 
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of taking large boats, and to the south there is a strip of 267 km., broken in 
several places, mainly suited to canoes. 


AMERICA 
The Value of Alaska. 

Mr. A. H. Brooks, of the U.S. Geological Survey, contributes to the Geo- 
graphical Review, January 1925, a restrained but optimistic estimate of the 
potential resources of Alaska. The main factors affecting its development 
are its present comparative isolation and its magnitude: its latitudinal extent 
combined with the varying temperatures of the surrounding oceans produce 
an exaggerated range of climate conditions. Alaska can therefore be divided 
approximately into three natural regions: (1) the Pacific slopes, an area of 
high relief, cut up by great valleys, enjoying a mild climate and heavy pre- 
cipitation ; (2) beyond the ranges, a central area of low relief, with short hot 
summers and long cold winters, with a light rainfall; and (3) the northern 
tundra, or Polar Alaska, 16 per cent. of the whole territory. Roughly speaking, 
the central region is most suitable for agriculture, the coastal for forestry, 
and to some extent pasture and tillage. In the interior, the removal of the 
matting of moss from the ground would cause large areas to be freed from 
permanent ground ice, and the average summer temperature of 50°-55° F., 
with eighteen hours’ sunshine, makes it possible to raise most root crops and 
potatoes, as well as oats and wheat. This section has been opened up by the 
Government Railway from Seward to Fairbanks. At present, though the 
population is not supplied with all the food which could be produced locally, 
the scant prospect of an export trade places the hopes of the agriculturists 
largely in an increase of population through the development of the other 
natural resources of the territory. On the Pacific coast, particularly along 
the Alaskan Peninsula, there are large areas of fine grazing for cattle, 
accessible to water transport, but their development has been retarded by the 
problem of winter feeding. There is also good timber in the Pacific forests, 
mainly spruce and hemlock, of which a little is already exported. It has also 
been estimated that sufficient wood pulp could be produced per annum to 
supply one-third of the total American consumption. Salmon fisheries and 
canning factories also flourish along the seaboard. Of the five hundred million 
dollars’ worth of fish exported from the territory over nine-tenths were salmon. 

The great impetus to Alaskan development has of course been its 
mineral wealth. Though there remains probably more alluvial gold than the 
amount exported up to the present, the placer output is now at its minimum, 
from various far-reaching economic causes. Increased demand, the application 
of power, and the development of communications will alter this. The same 
applies to the auriferous lodes, copper, and coal. Indeed, the key to Alaska’s 
future would appear to be improved transport. The alternation of Government 
policy between almost total neglect and the strictest control has contributed to 
the present undeveloped condition of Alaskan resources. In most respects 
they compare favourably with those of Finland and Sweden, yet the population 
densities of the three countries are 0°I, 23, and 34 per square mile respectively. 
When similar compelling forces prevail in North America, as now in Europe, 
Mr. Brooks anticipates a population of 10 millions in Alaska. 


Glacier Exploration in Patagonia. 


The valuable work done by Dr. Reichert and his coadjutors in the ex- 
ploration of the heavily glaciated region of the Southern Andes has several 
times been referred to in the Fournal, and the results of his expedition of 
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1921, made in company with the botanist Prof. C. N. Hicken and other 
scientific men from the Argentine and Chile, were briefly described in the 
Fournal for May 1922, p. 396. Asomewhat fuller account has since appeared 
in the publication Gea, issued by the newly formed Sociedad Argentina de 
Estudios Geograficos (vol. 1, No. 1, 1924), and from it we take the following 
supplementary details. The choice of a route to the great interior ice-field 
(between the Coast Cordillera and the Central Cordillera in 46° to 47° S. lat.) 
lay between the San Rafael and the Tadeo glaciers which enter the sea north 
and south of the Isthmus of Ofqui respectively. But the advantage was soon 
found to rest with the San Rafael, whose surface is much smoother by reason 
of the greater rainfall and the planing action of the wind, and which lacks the 
towering seracs of the Tadeo. But in the torrential rainfall experienced the 
ascent even of the former offered considerable difficulties. Observations gave 
evidence of a marked retreat of the glacier, the old markings of the ice being 
seen 20 to 30 metres, and at one place even 50 metres, above its present level. 
The sides of the trough were composed of diorites and gneiss, covered at the 
lower levels by the impenetrable Patagonian scrub of Nothofagus and Drymis, 
which ceases suddenly at 1000 metres. The ground of the thickets was like 
a water-filled sponge, and it was hard to find a dry spot on which to camp. 
On account of its separation from the rest of the mainland by ice and water 
this tract has an exceedingly scanty fauna, the only mammal seen being a 
mouse. Beyond the third camp Dr. Reichert left the last spur of the Coast 
Cordillera, and the further route was over a vast ice-field filling a longitudinal 
depression between the Coast and Central Cordilleras. When the clouds at 
last cleared away a magnificent view was obtained towards the Cerro Valentin 
of the central range, which Dr. Reichert considers the highest and certainly 
the most imposing mountain in all Patagonia, recalling Mont Blanc as seen - 
from Courmayeur. The range is continued southward, not by a continuous 
ridge, but by a series of twelve isolated summits, between which tongues of 
ice pass eastward. As far as the furthest’ point reached no change in the 
geological formation was noted, the rocks agreeing with those of the Coast 
Cordillera. On the line of high peaks it is certainly different, but though the 
geological formation of Mount Valentin is not yet established, Dr. Reichert 
thinks that it is certainly not volcanic. While some have doubted whether the 
term “inland” or ‘‘continental” ice can be justly applied to the ice-field of 
this region, he is of opinion that it really has this character, judging from the 
complete absence of moraines. He regards it as a relic of the glacial epoch, 
which, however grand and imposing it may be at the present day, is evidently 
of much less extent than formerly. The southern outlet of this vast ice-field 
is no doubt to Steffen fiord, but it sends branches to the western fiords also 
through gaps in the coast range. That similar ice-fields are wanting to the 
east of the central range is due to the drier climate on that side. 


POLAR REGIONS 
Drifts of Vessels in the Greenland Sea. 

The Annalen der Hydrographie und Maritimen Meteorologie, 1924, 
Heft 9, contains an account by O. Edlund of the drift of the 90-foot motor 
cutter Conrad Holmboe off the coast of Greenland. The vessel left Troms6 
on 19 July 1923, and on August 4 entered the ice in 74° 14’ N. and 17° 7’ W. 
She then drifted for 67 days, leaving the ice in 67° 29’ N. and 25° 6’ W. on 
October 10. The average day’s drift, including the occasions when the engines 
were used, was 6°3 nautical miles. For the first 25 days the vessel was off 
Cape Hold with Hope drifting mainly to the south-west, but veering later to 
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the east, the average daily run being 6°1 miles, or 3°5 in a straight line. At 
the beginning of the second period of 11 days she was approximately 47 miles 
east of Cape Laplace, and drifting south-west. The average drift was greater, 
being 8°1 miles, or 7°4 in a straight line. The ice pressure during this period 
was the most dangerous experienced, especially off the entrance to Davy Sound. 
The third section of the course lay along the Liverpool coast, from 2 to 8 miles 
from the land, in a kind of ice canal. Progress here was very slow, averaging 
4'8 miles per day. Observations made on the ice showed how fortuitous was 
its rate of drift, sometimes considerable and at others imperceptible. This 
section ended off Scoresby Sound. Thence onwards, the vessel’s drift was 
much quicker, partly in consequence of a fresh north-west wind, the average 
run for the first five days being 12 miles. Then the ice began to break up, 
and it was possible to use the engines to some extent. Between October 7 
and 10, a fog was experienced, during which the average run increased to 
27 miles. The average for the last period was 21°1 miles per day. She was 
now clear of the ice and approximately midway between Greenland and 
Iceland. Previous ships which have drifted along this coast include the 
Hansa, of the German North Pole Expedition, 1869-70. She entered the ice 
on 5 September 1869, and sank off the northern end of the Liverpool coast 
on October 21, whereupon the crew took to the boats and finally reached 
Friedrichstal, having drifted on an average 4°6 miles per day, mainly close to 
the coast. A more rapid drift was that of the Laura in 1907, which in three 
weeks made Scoresby Sound from Clavering Island, at an average rate of 
10-25 miles per day. In general, she kept well away from the land: when 
near the coast she remained almost stationary for several days. 


HISTORICAL GEOGRAPHY 
Geography of Marlow’s ‘‘ Tamburlaine.’’ 


Marlowe’s play Zaméburlaine is full of geographical names and allusions, 
and most commentators, being unable to reconcile many of his statements, 
have assumed his ignorance or inaccuracy. For example, he writes of Zanzibar 
being on the western coast of Africa, and of the Danube flowing into the 
Mediterranean. Miss Ethel Seaton, in an interesting piece of textual criticism 
contributed to Essays and Studies by Members of the English Association, 
vol. 10, 1924, seeks to show that in general, and particularly when narrating 
the course of the campaigns with which the play deals, Marlowe followed very 
closely the maps in Ortelius’ Theatrum, an atlas well known in England at 
that time. Techelles is made to say (II. Zamburlaine, 1. vi.) : 


‘** And with my power did march to Zansibar 
The Westerne part of Affrike, where I view’d 
The Ethiopian sea, riuers and lakes.” 


Now on Ortelius’ map of Africa, besides the island on the east coast marked 
Zenzibar, there is a province on the west marked ‘ Zanzibar,” and the sea is 
marked ‘‘ Oceanus Athiopicus.”” Other references support the conclusion that 
Marlowe worked almost directly from this map. Miss Seaton goes on to show 
how the maps of Asia Minor help to elucidate the rather confused narrative of 
Tamburlaine’s final campaign with the Turks. This took place in ‘‘ Natolia,”’ 
a name corresponding to the modern Anatolia in the wider sense, including all 
Asia Minor. From Ortelius’ maps it is possible to trace out Tamburlaine’s 
route from Egypt to meet the Turks. The two main difficulties are the identifi- 
cation of ‘‘ Larissa’ and “‘ Balsera.”” The former is to be found in Ortelius 
on the sea-coast south of Gaza—‘‘ where Egypt and the Turkish Empire parts.”’ 
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Balsera has generally been read as Basra, which is confusing ; on the map of 
Natolia there is a frontier town, Passera (the first s long), which may well have 
been the spot. In the general descriptions of countries, Miss Seaton says 
that without exception every non-classical name can be found in the Theatrum. 
Having shown Marlowe to be more exact than was generally assumed, Miss 
Seaton is able to explain the confusion over the line ‘‘ The Terrene main wherein 
Danubius fals.’”” Previously he has made the Danube flow to Trebizond, and 
it seems likely that he regarded the Danube’s current as parting in the Black 
Sea, so that part flowed towards Trebizond and part through the Hellespont. 


GENERAL 


The Black, White, and Red Seas. 

In Le Globe (Mémoires, 1924), M. Léopold de Saussure puts forward an 
explanation of the terms Black Sea, White Sea (Mediterranean), and Red 
Sea, as used by the Turks, basing it upon the early difusion of Chinese cosmo- 
logical conceptions among the Tartars, Persians, and Turks. The Chinese, 
regarding the universe as a whole, divided the Earth into five regions, one 
central and four outer; these outer regions were identified with the cardinal 
points, with the movements of the sun, and with the elements of the universe. 
In the centre, like the Pole Star in the firmament, was placed the Emperor, 
ruler of the Middle Kingdom, corresponding to the element earth, and repre- 
sented by the colour yellow. Similarly, like the Pole Star, he would face the 
south: thus his back would be turned to the north, the region of darkness 
and cold, represented by the element water and the colour black: before him 
would be the south, the region of heat and light, corresponding to the element 
fire and the colour red ; on his left would lie the east, the land of the morning 
and the spring, represented by the element wood and the colour green ; to 
his right, the west, the region of autumn and decline, represented by the 
destructive element, metal, and the colour of mourning, white. In the same 
way, the ruler of each outlying region would be the centre of his own smaller 
cosmos. Similar conceptions are met with in Iranian cosmography, and even 
in the Apocalypse. M. de Saussure thus argues plausibly that when the 
Turks reached Asia Minor, they would naturally call the Pontus Euxinus the 
Black Sea, the Indian Ocean the Red Sea, and the Mediterranean the White 
Sea. Herodotus remarks that the Persians were wont to call the South Sea 
the Red Sea, but in time the name came to be confined to its present area. A 
further trace of this idea is to be found in the Mongol name for the Emperor 
of Russia—the White Czar. M. de Saussure recognizes that the Turkish term 
applied to the Black Sea, Kara, may mean black or great, and that the medizeval 
Italians knew it as the ‘‘ Mar Maor”’ or “‘ Mar Maior’”’; but he holds that 
the application of the name White Sea to the Mediterranean shows that the 
foundation of the whole nomenclature is the Chinese cosmological system. 


OBITUARY 
The Rt. Hon. the Marquess Curzon of Kedleston, K.G., F.R.S. 


WE deeply regret to record the death of Lord Curzon, Past-President and 
Trustee of the Society, on March 20. 

At their Meeting on March 23 the Council resolved to place on record the 
profound regret of the Society at the untimely death of Lord Curzon, to whom 
it owes so great a debt for conspicuous services rendered to the cause of 


374 OBITUARY 


Geography, and in particular to the Society during his Presidency; and to 
convey to Lady Curzon and the members of his family its deep and respectful 
sympathy. 

At the Evening Meeting of the Society the President said : 

Before calling upon the lecturer this evening you will desire me to give 
expression to the feeling of deep sorrow which must be uppermost in our 
minds at the untimely death of Lord Curzon, one of the most distinguished of 
the many eminent men who have served this Society as its President. All 
who knew Lord Curzon personally, as I myself was privileged to do, must often 
have marvelled at the amazing industry and capacity for work which he 
displayed ; and there is little need for me to remind an audience of this 
Society of the time and labour which, despite his many and more exacting 
preoccupations, he devoted to the science with which we are concerned. The 
great ability and thoroughness with which as a young man he prosecuted an 
extensive series of journeys in various parts of Asia, from Persia to the Far East 
and from Indo-China to the frozen highlands amid which lies cradled the source 
of the Oxus river, won for him so far back as 1895 the Gold Medal of the Society 
—a distinction which it is common knowledge he rated very high among the 
honours which throughout a long and strenuous public life were showered 
upon him. His term of office as President of our Society from 1911 to 1914 
was made memorable by the disposal of our old habitation in Savile Row and 
the acquisition of our present home. For many years some such move had 
been thought of and debated ; but it was as a result of the comprehensive 
grasp of the Society’s needs displayed by Lord Curzon, seconded by his 
immense driving power, that the difficulties in the way were solved and the 
project became an accomplished fact. It is not too much to say that in the 
Society’s building at Kensington Gore there will be recognized by the 
geographical world an abiding monument to the services which he rendered 
to the cause of geography and to the unflagging zeal with which he Jaboured 
in the interests of this Society. As some small token of the gratitude which 
the Society felt for services so ungrudgingly rendered, it paid him the 
unique distinction of causing his portrait to be painted by Sargent and 
hung in a conspicuous position over the chimneypiece in the council 
room. In many. spheres of public activity his commanding figure will be 
sorely missed, in none more sincerely than in that of the Geographical 
Society. And you will wish to endorse the resolution formally placed on 
record by your Council this afterncon deploring his untimely death and 
conveying to Lady Curzon and the members of his family its deep and 
respectful sympathy in their loss. 

A portrait and memoir of Lord Curzon will be published in the May 
number of the Fournal, 

Mr. John Bolton. 


The Society has lost an old and valued member in Mr. John Bolton, who 
died on February 22, after only an hour’s illness, at the advanced age of 82. 
Simple and unassuming, he had endeared himself to all his friends and associ- 
ates by his warm-heartedness and cheery good nature, and the regard they 
felt for him was more than ordinarily sincere. Asa regular attendant at the 
Society’s meetings for many years (he had joined it in 1877) he was a familiar 
figure to more than one generation of the Fellows, though latterly, owing to 
advancing years, he had been less often seen. He had also frequently 
attended the meetings of the British Association, serving on the Committee of 
Section E (Geography). As a competent and painstaking. cartographer, he. 


CORRESPONDENCE 375 


had been brought much into contact with distinguished travellers and 
explorers, many of whose original observations in the field had passed through 
his hands. On more than one occasion he was brought into touch with 
important international questions, his services as a cartographical expert 
having been utilized both at the Berlin Congress of 1878 and in connection 
with the Venezuela Boundary Commission in 1896. 

Mr. Bolton had the unusual record of having been associated with a single 
firm—that of Stanford’s—during his whole professional career, extending over 
no fewer than sixty-seven years. In 1858, as a boy of fourteen, he had joined 
the firm during the lifetime of its founder, the first Edward Stanford, under 
whom he worked for twenty-four years, maintaining the connection uninter- 
ruptedly,-with the son and grandson, down to the last. For many years he had 
been the firm’s chief expert in the production of maps, and took a prominent 
part in its administration, becoming a director in 1912. After retiring from 
more active work in 1920 he continued to give the firm the benefit of his 
experience as geographical adviser, and had been busy at its office within a 
week of his death. 

Mr. Bolton had been for many years a member of the “ Kosmos” dining 
club connected with the Society and had twice been its President. He was 
regarded with sincere affection by his fellow-members, to whom his loss comes 
as quite a personal one. He was twice married, and had three sons by his 
first wife, one of whom survives him. 


Miss Ada Christie. 

We regret to announce the death, last November, of Miss Ada Christie, a 
Fellow of the Society. Owing to her extreme modesty and high standard of 
achievement, she published no account of her journeys, which were remark- 
able for the conditions under which they were made—restricted means, 
ignorance of Eastern languages except for a smattering of Turkish and 
Persian, and no preparation in earlier life. About twenty years ago she 
went to Jerusalem: thence, with a single attendant, she visited various of the 
lesser-known districts, including Petra, at that time seldom seen by women. 
She spent the next eighteen months visiting Tadmur, Mosul, and Nineveh, 
then floated down the Tigris on the skin rafts of the district to Baghdad, 
visited Babylon, and continued into Persia. She was the first Englishwoman 
to visit the Bakhtiaris since Mrs. Bishop, who was well remembered by some. 
Reaching Tehran, she travelled thence along the telegraph line to Bandar 
‘ Abbas, marching by night to avoid the great heat. After an interval of more 
conventional travel, in April 1910 she set out from Smyrna on an extensive 
journey through Asia Minor and Armenia. Miss Christie was an energetic 
and observant traveller and a keen student of the history and archeology of 
the countries she visited. 


CORRESPONDENCE 
Australian Settlement. 


IT is gratifying that my Presidential address has been thought worthy of such 
a lengthy review in the Fournal (64, 331-3). Since, however, it will probably 
be read more widely than the original paper (some 55 pages), I should like to 
explain or qualify two or three of Mr. Fawcett’s statements. 

As regards the diagrams, they do not purport to be accurate detailed maps. 
For my special purpose of comparing analogous regions, only the relative 
areas were important. In many cases it would be impossible to add a “ net,” 


. 
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and in all cases it would have complicated the diagram. Fig. 13 is a novel 
diagram which others may find useful. It is a Mollweide map of the world 
with the oceans omitted. It thus gives the maximum amount of land area 
(to scale) in a given space. I am sorry that some of the maps are not 
professionally drawn ; I did them myself. 

I do not anywhere say that a wet bulb of 65° marks the present practical 
limit of white settlement. The problem is much too complicated for such 
simple treatment. Indeed, I show clearly that Townsville has nine months 
with a higher wet bulb than 65°; and this is a very important town, though 
it has a climate with a high degree of discomfort. 

The term “ very poor pastoral country” is rather misleading as applied to 
arid Australia. It is very sparse pastoral country, but given large enough 
grazing-grounds, stock of good quality are reared in many places with a 
rainfall below 10 inches a year. The distinction is worth making in Australia. 

I must take exception to Mr. Fawcett’s summary of my ethnological section. 
He states that the “ grouping of races is based wholly on the cephalic index.” 
In my address I write: 

“The test of this theory of successive migration-zones lies in the nature of 
the fossil evidence. [The ethnic strata] are arranged approximately in order 
of their evolution, just as are the biological fossils in the strata in the geological 
record. . . . I would ask readers to note that in head-index, hair type and 
position of the zone, the black races are furthest from Central Asia, the 
so-called white races are intermediate, and the Alpine-Mongolian group is the 
central and presumably the latest developed of the three major groups of 
mankind.” Thus four variables (head-index, zones, strata and hair) give the 
same result. GRIFFITH TAYLOR. 


MEETINGS: ROYAL GEOGRAPHICAL SOCIETY: 
SESSION 1924-1925 
Eighth Evening Meeting, 23 February 1925.—The President in the Chair. 
ELECTIONS.—The Rev. John Henry Burkitt; Captain Ronald Thomas 
Cameron, 1.A.; Edmund B. Clarke; Lt.-Colonel E. V. Collier, D.s.o. ; Miss 
Bertha E. Crane ; Signor Attilio Gatti ; Cyril Vernon Hancock, M.a. ; Cecil 
Henry Cobden Haslam; Harvey S. Ladew; The Rev. Philip Henry Lees ; 
Miles Hay Martindale; Sir Leo Chiozza Money; R. W. Norton; Sir Alfred 
D. Pickford ; Leslie Northcott Reed, M.c.; O. H. T. Rishbeth, M.A. ; Captain 
Christopher Ronald Spear, 1.A.; The Rev. Robert Taylor ; Allon T. Turnbull. 
PAPER: The Great Barrier Reef. Sir G. P. Lenox-Conyngham and F. 
A. Potts. 


Ninth Evening Meeting, 9 March 1925.—Lord Edward Gleichen, Vice- 

President, in the Chair. 

ELECTIONS.—Captain V. A. Albrecht; Miss Jessie Kathleen Andrews; 
Thomas Edward Boyce ; Major Lachlin Taylor Burwash, M.E. ; Hugh Dixon 
Carr ; Arnold Churchill ; John Durkin; C. Eric Exley; Miss Cecily J. Gurney ; 
Captain Stephen Sydney Jones ; William Thomas Lee ; F.C. Martin ; William 
Randerson, M.Sc. ; F. E. B. Rost, B.Sc. ; Miss Dorothy Rutty ; George Oswald 
Wight, J.P. ; Dr. Clifford Lee Wilmoth. 

PAPER: The Sierra Nevada of Santa Marta. A. F. R. Wollaston. 


Fifth Afternoon Meeting, 16 March 1925.—Lord Edward Gleichen, Vice- 
President, in the Chair, 
PAPER: The Portolan Maps of the Rhone Delta, R. D, Oldham. 


: 
i 
1% 


Map to illustrat 


THE N.W.EXTENSION 
John Par 


i | 
= 
= rail 
} | 
\ 
MOGILA 
mrs 
| fj 
: - 
}} 
D. A 
| te Mt Tororo 
2 £ 
\ | Moroto 
| | } 
| | 
| 
i Salisbury sy 
| ey 
4| MTELOON. 
#310 
| \ 
| dle 7 
| 
i °Fort Portal | / 
isug 


rie 


Kisumu 


30 3z 34 
A blished dy the Hoya 


| 


llustrate the paper on 


SION OF THE JUBALAND PLAIN 
ho Parkinson Sc.D. 


THE THE GEOGRAPHICAL JOURNAL, APRIL,1925. 


A Esie 


Kulal 


Moroto / 

jy vr 

trick Langatelio Mt \\— | 
\ 

4 di \ 

ry 


36 40 J 


MOGILA 
se? 


Koro Desert 


Dida Gulgulla 


oDebdl 


* 


Swamps 


Scale 14,000,000. 


100 Miles 


Heighzs in metres . 


| 
| 
Yi \ rn LIM, Sp QA N | | 
| G9 | | | 
) - | | 
| Ly ( | | | 
i ’ Moyale | 
| 
Oghherali | 
H / | 
arsabit | | 
| | 
| 
| | 
| Wajhu- 
SLR | | ar) 
Jon E N | 
#310 - \ f 
L on — 
shed. >y the Hoyal Geographacal Soctety 
JUBALAND 
Parkinson 


1. THE EOGE OF THE 
A POINT ABOUT 25 N 


2. THE CENTRAL PORT 


SASL 
WSS 


F THE ABYSSINIAN HIGHLANDS, SKETCHED FROM 
UT 25 MILES WEST OF MOYALE, LOOKING EAST. 


AL PORTION OF MARSABIT, FROM THE SOUTH WEST. 


- = = 
. 
— 

— 


3 
4 


: 
=. 
a 
a 


